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INTRODUCTION 

This  publication  on  methods  of  testing  milk  and 
cream  is  intended  as  a  guide  to  dairy-plant  operators, 
testers  employed  in  milk  plants  and  creameries,  dairy 
extension  workers,  and  others  who  may  be  interested. 
The  methods  described  herein  are  commonly  used  in 
routine  determinations  in  commercial  dairy  plants,  in 
laboratories  of  the  Bureau  of  Dairy  Industry,  and  in 
the  dairy  departments  of  various  State  agricultural 
colleges  and  experiment  stations.  The  aim  is  so  to 
present  the  subject  that  it  may  be  understood  by  those 
who  nave  had  neither  chemical  training  nor  instruc- 
tion in  milk  testing.  Those  who  have  had  such  train- 
ing will  doubtless  find  in  the  subject  matter  much  that 
appears  elementary  and  burdened  with  detail,  but  they 
should  be  interested  in  the  general  methods  described, 
which  are  the  accepted  procedure  in  the  accurate  analy- 
sis of  milk  and  its  products. 

In  preparing  this  publication,  free  use  has  been  made 
of  publications  by  various  writers  (1,  2,  4,  5,  8,  17,  18). 2 
It  has  been  necessary  to  omit  all  description  of  the 
numerous  variations  and  modifications  of  the  proce- 
dures outlined  herein,  and  of  alternative  methods  used 
by  some  workers.  The  object  has  been  to  present  only 
the  fundamental  principles  of  the  method  or  methods 
that  have  proved  most  satisfactory  in  practice. 

CHEMICAL  NATURE  OF  MILK 

In  order  to  follow  intelligently  the  methods  of  test- 
ing milk  and  cream,  some  knowledge  of  the  chemistry 
of  milk  is  essential.  Chemically,  milk  is  a  very  com- 
plex substance.  Its  component  parts  may,  however, 
be  classified  into  a  few  well-marked  groups:  (1) 
Water,  (2)  fat,  (3)  nitrogenous  constituents,  (4) 
sugar,  and  (5)  ash.  The  components  other  than  wa- 
ter are  collectively  known  as  total  solids  or  milk 
solids,  and  the  solids  other  than  fat  as  solids-not-fat. 


2  Italic   numbers   in   parentheses   refer   to   Literature   Cited, 
p.  45. 


The  total  milk  solids  are  the  basis  of  various  con- 
centrated forms  of  milk  such  as  condensed  milk  and 
dried  milk.  The  solids-not-fat  are  the  principal  con- 
stituents of  dried  skim  milk.  The  term  "serum  solids" 
is  sometimes  used  synonymously  with  solids-not-fat. 

The  amount  of  water  in  milk  may  range  from  82 
to  90  percent.  The  usual  variation  in  mixed-herd  milk 
is  much  less  and  probably  ranges  only  between  84  and 
88  percent. 

The  fat  in  milk — milk  fat  or  butterfat — is  not  in 
solution  but  is  an  emulsion  of  microscopic  globules 
so  small  that  a  cubic  centimeter  of  normal  milk  con- 
tains two  to  four  billion.  These  globules,  even  in  milk 
from  one  cow,  are  not  all  of  the  same  size.  Some  may 
be  100  times  the  size  of  others.  The  average  size  de- 
pends on  several  factors,  the  principal  one  being  the 
breed  of  the  animal.  Chemically,  the  fat  is  not  a  single 
compound  but  a  mixture  of  several  compounds  known 
as  glycerides.  Some  of  these  glycerides  are  common 
to  all  fats,  while  others  are  peculiar  to  milk  fat.  This 
fact  is  the  basis  of  methods  for  distinguishing  butter 
from  margarine. 

Cow's  milk  may  contain  from  less  than  3  percent  to 
more  than  8  percent  of  fat,  depending  mainly  on  the 
breed  inheritance  of  the  animal.  Other  factors,  such 
as  the  age  and  physical  condition  of  the  cow,  stage  of 
lactation,  season  of  the  year,  and  time  between  milk- 
ings,  influence  the  percentage  of  fat  in  the  milk  to  a 
greater  or  less  degree.  No  sample  of  one  cow's  milk 
should  be  taken  from  less  than  a  complete  milking. 
Preferably  a  full  day's  production  (24  hours)  should  be 
used  for  sampling. 

The  nitrogenous  constituents  in  milk  are  principally 
casein  and  albumin,  with  traces  of  less  important  nitro- 
genous compounds.  The  coagulum,  or  curd,  produced 
when  rennet,  dilute  acids,  or  certain  other  reagents  are 
added  to  milk,  is  chiefly  casein.  Albumin  may  be  ob- 
tained as  a  flaky  precipitate  by  heating  slightly  acidi- 
fied whey  or  milk  serum  after  the  fat  and  casein  have 
been  removed.  In  constitution  and  behavior  it  closely 
resembles  white  of  egg.  Casein  is  not  in  true  solution 
in  the  milk  but  exists  in  an  extremely  fine  colloidal  sus- 
pension as  a  complex  of  calcium  caseinate  and  calcium 
phosphate.  By  means  of  an  ultrafilter  it  is  possible 
to  separate  it  in  an  uncoagulated  condition  from  the 
water  and  substances  in  true  solution.  Albumin  in  its 
dispersed  state  is  in  clear  solution  in  the  water  of  the 
milk,  and  belongs  to  a  class  of  substances  called  hydro- 
sols.  The  more  highly  dispersed  particles  will  pass 
through   an   ultrafilter.      Frequently,    but   improperly, 


the  term  "casein"  is  applied  to  all  the  nitrogenous  con- 
stituents in  milk.  Sometimes  the  term  "total  proteins" 
is  used  in  referring  to  the  nitrogenous  constituents 
taken  as  a  whole.  The  amount  of  casein  in  average 
cow's  milk  varies  from  2  to  4  percent,  and  the  albumin, 
from  0.5  to  0.8  percent. 

Milk  sugar,  or  lactose,  belongs  to  a  group  known  as 
carbohydrates  and  is  a  white  substance  less  sweet  in 
taste  than  cane  sugar.  Milk  sugar  is  converted  into 
lactic  acid  by  the  action  of  bacteria.  This  conversion 
is  the  phenomenon  of  the  souring  of  milk.  Milk  sugar 
is  in  true  solution  in  the  water  of  the  milk  and  may 
vary  in  amount  from  less  than  3  to  more  than  6  per- 
cent of  the  whole  milk. 

The  ash  or  mineral  part  of  the  milk  may  vary  from 
0.56  to  0.94  percent  but  is  generally  around  0.68  to 
0.74  percent.  The  ash  consists  largely  of  the  chlorides 
and  phosphates  of  sodium,  potassium,  magnesium,  and 
calcium  with  minute  amounts  of  iron,  copper,  zinc, 
aluminum,  manganese,  and  iodine  as  well  as  other  trace 
elements  possibly  traceable  to  the  soil  on  which  the 
feed  is  grown. 

The  average  composition  of  milk  from  each  of  five 
common  breeds  of  cows  in  the  United  States,  as  cal- 
culated from  the  figures  of  several  authors  (1,  3,  9), 
is  shown  in  table  1. 


Table   1. — Averac 


composition  of  milk  from  cows  of 
5  breeds 


Breed. 


Water 


Total 
solids 


Fat 


Protein 

Lactose 

Percent 

Percent 

4.02 

4.91 

3.86 

4.94 

3.5S 

4.69 

3.42 

4.86 

3.32 

4.89 

Ash 


Guernsey. 

Jersey 

Ayrshire  _. 
Holstein.- 
Shorthorn 


Percent 
85.13 
85.31 
86.89 
87.50 
87.43 


Percent  {Percent 


14.87 
14.69 
13.11 
12.50 
12.57 


.19 
5.18 
4.14 
3.55 
3.63 


Percent 
0.74 

.70 
.68 
.68 
.73 


THE  BABCOCK  TEST 


The  Babcock  test  for  fat  in  dairy  products — named 
for  its  inventor,  the  late  S.  M.  Babcock — is  based  on 
the  fact  that  strong  sulfuric  acid  will  dissolve  the 
serum  solids  in  milk  and  set  the  fat  free  from  its 
emulsion.  To  make  the  test  the  charge  is  placed  in  a 
specially  constructed  test  bottle  and  mixed  with  the 
proper  quantity  of  sulfuric  acid.  The  acid  performs 
functions    other    than    dissolving    the    serum    solids. 


Much  heat  is  developed  by  its  action  and  this  causes 
the  fat  globules  to  lose  their  separate  existence  and  to 
coalesce,  a  condition  which  greatly  facilitates  separa- 
tion from  the  serum.  This  separation  is  still  further 
accelerated  by  the  increase  in  specific  gravity  of  the 
serum,  caused  by  the  presence  of  the  heavy  sulfuric 
acid.  After  the  solution  of  the  serum  solids  has  been 
effected,  the  complete  separation  of  the  fat  and  acid 
serum  is  accomplished  by  whirling  the  test  bottle  in  a 
centrifuge.  The  fat  is  then  forced  into  the  graduated 
neck  of  the  test  bottle  by  adding  hot  water  gradually, 
followed  by  further  whirling,  so  that  the  percentage  of 
fat  may  be  read  directly. 

APPROVED  BABCOCK  GLASSWARE 

Babcock  test  bottles  and  pipettes  should  always  be 
tested  and  found  correct  before  being  used.  It  is  now 
possible  to  purchase  test  bottles  and  pipettes  which 
have  been  tested  and  approved  by  the  National  Bureau 
of  Standards.  In  many  States  there  are  also  officials 
authorized  to  test  and  approve  Babcock  glassware.  It 
is  most  satisfactory  to  purchase  the  glassware  already 
tested  by  the  Bureau  of  Standards,  or  to  have  it  made 
to  the  requirements  of  that  Bureau  and  then  tested 
by  a  State  official. 

THE  CENTRIFUGAL  MACHINE 

The  centrifuge  used  in  the  test  is  commonly  called 
the  Babcock  tester,  and  various  types  are  on  the  mar- 
ket, ranging  from  the  small,  2-bottle,  hand-driven  tester 
to  the  large  steam  or  electrically  driven  tester,  accom- 
modating 24  or  more  bottles  (figs.  1,  2,  3,  and  4) .  Each 
consists  mainly  of  a  horizontal  revolving  disk  or  wheel 
provided  with  swinging  sockets  to  hold  the  bottles. 
When  at  rest  these  sockets  allow  the  bottles  to  stand 
upright,  but,  when  in  motion,  the  centrifugal  force 
causes  the  sockets  to  swing  outward,  bringing  the 
bottles  to  a  horizontal  position,  with  the  necks  toward 
the  center.  The  revolving  wheel  should  always  be 
large  enough  so  that  the  bottleneck  will  never  extend 
beyond  the  center ;  otherwise  there  is  danger  of  fat 
being  thrown  out  of  the  neck  by  centrifugal  force  during 
the  final  whirling.  Where  steam  pressure  is  available, 
a  steam-turbine  tester  is  strongly  recommended,  be- 
cause it  maintains  a  uniform  speed  at  a  definite  pressure 
while  at  the  same  time  the  steam  keeps  the  bottles 
warm  and  supplies  the  hot  water  required.  Many 
operators  prefer  an  electrically  driven  tester  which  is 
also  electrically  heated.     Whether  heated  by  steam  or 


Figure     1. — A     two-bottle 
driven   tester. 


hand- 


by  electricity,  the  tester  should  be  ventilated  properly 
so  as  to  avoid  overheating  or  excessive  cooling  of  the 
contents  of  the  test  bottles.  The  tester  should  also  be 
provided  with  a  speed  indicator,  preferably  attached 
so  that  the  operator  will  know   definitely  when  the 

correct  speed  has  been 
attained.  Whatever 
kind  of  tester  is  used, 
it  must  be  firmly  se- 
cured to  a  rigid  sup- 
port. There  must  be 
no  shaking  or  trem- 
bling of  the  tester 
when  in  motion. 

THE  ACID 

The  acid  used  in  the 
Babcock  test  is  a  com- 
mercial-type sulfuric 
acid,  sometimes  called 
oil  of  vitriol,  and  it 
must  have  a  specific  gravity  of  between  1.S2  and  1.S3 
at  60°  F.  (15.6°  C).  It  should  be  kept  in  glass  botrles, 
preferably  with  ground-glass  stoppers.  Rubber  stop- 
pers will  last  for  a  time ;  cork  stoppers  are  attacked 
rapidly  by  the  acid.  Be- 
cause sulfuric  acid  absorbs 
water  from  the  air  and 
thus  dilutes  itself,  it  must 
not  be  kept  in  open  con- 
tainers. 

Sulfuric  acid  is  ex- 
tremely corrosive ;  it  at- 
tacks the  skin,  clothing, 
wood,  and  most  of  the 
common  metals.  Should 
the  acid  be  spilled  on  the 
clothing  or  skin,  it  should 
be  washed  off  immedi- 
ately with  plenty  of  water, 
and  ammonia  water  or  a  solution  of  sodium  bicarbonate 
should  be  applied ;  this  in  turn  must  also  be  washed  off. 
Unless  the  acid  is  washed  off  immediately  after  contact 
with  the  skin,  it  will  cause  severe  burns.  Acid  spilled 
on  a  tabTe  or  floor  may  be  neutralized  with  washing 
soda  or  other  alkali.  Lead  is  the  only  common  metal 
not  attacked  by  this  acid.  If  much  testing  is  to  be 
done,  it  is  a  good  plan  to  cover  the  testing  table  with 
sheet  lead. 


Figure  2. — A  hand  tester  for 
12  bottles. 
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TESTING  THE  STRENGTH  OF  TEE  ACID 

As  already  stated,  the  specific  gravity  of  the  sulfuric 
acid  used  should  be  between  1.82  and  1.83.  It  is  much 
better  to  purchase  acid  guaranteed  to  be  of  the  proper 
strength  than  to  attempt 
to  dilute  the  stronger  acid. 
Creamery  supply  houses 
sell  acid  guaranteed  to  be 
of  the  proper  strength, 
and  if  kept  in  well-stop- 
pered containers  it  will 
not  change.  For  the  bene- 
fit of  those  to  whom  labo- 
ratory facilities  are  avail- 
able and  who  wish  to  test 
the  acid  themselves,  the 
following  directions  are 
given : 

USE  OF  THE  ACID 
HYDROMETER 


Figure  3. — A  type  of  steam- 
driven  tester  with  a  device 
for  heating  the  water  used  in 
the  test. 


The  acid  hydrometer  is 
designed  only  for  liquids 
having  a  specific  gravity 
near  that  of  concentrated  sulfuric  acid  (fig.  5).  It  is 
standardized  at  60°  F.,  and  for  correct  results  must  be 
used  with  acid  at  that  temperature  only.  The  acid 
at  60°  is  poured  into  the  hydrometer  cylinder  and  the 

hydrometer  allowed  to 
float  in  it.  When  it  has 
come  to  rest,  the  point 
on  the  scale  intercepting 
the  surface  of  the  acid 
indicates  the  specific 
gravity.  If  the  reading 
is  under  1.82,  the  acid 
cannot  be  used  for  test- 
ing milk,  and  should  be 
discarded  and  a  fresh  lot 
of  acid  obtained.  If  it  is 
above  1.83,  it  may  be 
diluted  with  water  until 
it  is  of  the  proper 
strength.  There  are  two 
ways  of  doing  this.  The 
acid  may  be  exposed  to  the  air  until  it  has  absorbed 
enough  water  to  lower  its  specific  gravity.  This  is  the 
safest  and  best  way  if  the  specific  gravity  of  the  acid  is 
not  much  above  the  standard.     The  second  way  is  to 


Figure  4. — A  type  of  electri- 
cally driven  tester. 


834081°— 49- 


/ 


mix  the  acid  with  a  small  quantity  of  water.  A  small 
quantity  of  water  is  placed  in  a  thin-walled  glass 
beaker  and  the  acid  poured  into  it.  A  bottle  or  jar 
with  thick  glass  walls  must  not  be  used,  as  the  heat 
generated  by  the  mixing  of  sulfuric  acid 
and  water  will  crack  the  glass.  Never 
pour  water  into  acid;  to  do  so  will  gen- 
erate sudden  excessive  heating  and  may 
cause  a  serious  accident.  After  the  mix- 
ture has  cooled  to  60°  it  is  again  tested 
with  the  hydrometer  and  the  diluting 
process  repeated  if  necessary. 

TESTING  MILK  FOR  FAT 

TEST  BOTTLES 


r 


Figure  5. — - 
Hydrometer 
and  cylin- 
der used  in 
testing  sul- 
furic acid. 


A  The  Babcock-test  bottle  for  milk,  shown 

in  figure  6,  consists  of  a  bulb  holding  not 
less  than  45  cubic  centimeters  and  a  neck 
graduated  so  that  the  percentage  of  fat 
may  be  read  directly.  Seventeen  and 
one-half  cubic  centimeters  of  milk  is  used 
in  the  test,  and  this  volume  of  milk,  with 
an  average  specific  gravity,  weighs  almost 
exactly  18  grams.  At  the  temperature 
at  which  the  bottles  are  standardized  the 
specific  gravity  of  butterfat  is  about  0.9. 
The  capacity  of  the  neck  of  the  8-percent 
milk-test  bottle  is  0.20  cubic  centimeters 
for  each  whole  percent,  or  0.18  grams  of 
butterfat  or  1  percent  of  the  charge  of 
18  grams.  The  old-style  bottle  was  a  10- 
percent  bottle  (fig.  7),  and  the  smallest 
subdivision  was  0.2  percent.  This  type  is  still  in  use  in 
some  States,  but  it  has  been  superseded  by  the  8-percent 
bottle  in  most  States  that  have  adopted  legal  require- 
ments for  test  bottles.  In  the  8-percent  bottle,  made  to 
conform  to  National  Bureau  of  Standards  specifica- 
tions, the  neck  is  somewhat  smaller  in  diameter  and  the 
smallest  subdivision  is  0.1  percent.  The  8-percent  milk- 
test  bottle  is  considered  more  accurate  and  is  in  more 
general  use.  The  bulb  of  the  test  bottle  should  have 
etched  on  its  surface  a  ground  area  to  receive  an 
identification  number. 

MILK  PIPETTE 

The  charge  of  milk  for  the  Babcock  test  for  fat  is 
measured,  not  weighed,  the  measuring  instrument  being 
a  pipette  graduated  to  deliver  17.5  cubic  centimeters  of 
milk.    This  pipette,  filled  to  its  graduation  mark,  holds 
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17.6  cubic  centimeters  when  the  bottom  of  the  meniscus 
coincides  with  the  mark  on  the  suction  tube.  The  extra 
0.1  cubic  centimeter  is  allowed  for  the  milk  which  clings 
to  the  walls.  Pipettes  that  conform  to  the  require- 
ments of  the  National  Bureau  of  Standards  can  be 
obtained  (fig.  8). 
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Figure  6. — Style  of  Bab- 
cock  milk-test  bottle 
conforming  to  the  re- 
quirements of  the  Na- 
tional Bureau  of  Stand- 
ards, and  showing 
graduations. 


Figure  7. — Old- 
style  Bab  cock 
milk-test    bottle. 


ACID  MEASURE 


Figure  8. — 
Pipette 
holding 
17.6  cubic 
centimeters 
used  in 
measuring 
milk  in  the 
B  a  b  c  o  c  k 
test. 


The  acid  measure  may  be  either  a  glass  cylinder 
graduated  to  deliver  17.5  cubic  centimeters  (fig.  9)  or 
one  of  the  devices  shown  in  figures  10  and  11. 

PREPARING  THE  SAMPLE 

As  already  stated,  fat  is  not  in  solution  in  milk  but 
is  an  emulsion   of  very  fine  globules.     These,   being 
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lighter  than  the  surrounding  serum,  move  toward  the 
upper  surface  of  the  milk  and  carry  with  them  some 
of  the  other  solids.  This  movement  results  in  the 
familiar  creaming  of  milk.  Much  emphasis  should  be 
placed  on  the  necessity  for  thorough  mixing  of  bulk  milk 
immediately  before  obtaining  the  smaller  sample  for 
testing.  Also,  if  a  composite  sample  of  several  lots 
of  milk  is  to  be  prepared,  especial  care  must  be  taken 
to  be  sure  that  the  composite  sample  reflects  accurately 
the  various  amounts  of  milk  represented  by  the  com- 
posite. Unless  these  precautions  are  taken,  all  further 
work  of  testing  is  so  much  wasted  effort. 
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Figure  9. — 
Acid  meas- 
ure. 
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Figure    10. — 

Burette  for 
measuring 
acid. 


Figure    11. — A    combined 
bottle  and  acid  measure. 


Before  the  test  for  fat  can  be  made  on  the  smaller 
sample  or  the  composite,  a  homogeneous  mixture  must 
be  obtained.  It  can  best  be  obtained  by  pouring  the 
milk  several  times  from  one  vessel  into  another.  Beak- 
ers or  Mason  jars  are  convenient  for  this  purpose; 
and,  if  the  sample  has  not  remained  in  the  container 
more  than  a  few  hours,  pouring  back  and  forth  four 
or  five  times  is  sufficient.  If  the  sample  is  small  and 
there  is  no  danger  of  churning,  it  may  be  mixed  by 
shaking  vigorously  in  a  closed  container.     If  the  sam- 
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pie  has  stood  for  some  time  in  the  container,  the  cream 
layer  is  likely  to  be  hard  and  to  adhere  to  the  walls. 
This  is  particularly  true  of  preserved  samples.  In  such 
an  event,  it  is  well  to  place  the  container  in  warm  water 
(not  over  110°  F.)  until  the  cream  has  become  softened 
and  can  be  removed  easily.  Care  must  be  taken  to  be 
sure  that  none  of  the  cream  is  left  on  the  cover  of  the 
container.  If,  however,  any  is  left,  the  tip  of  the  clean 
dry  index  finger  or  a  glass  rod  may  be  used  to  dis- 
lodge it.  Before  the  milk  is  ready  to  be  measured  with 
the  pipette,  it  niust  be  tempered  in  a  water  bath  until 
the  temperature  of  the  milk  is  between  60°  and  70°. 

The  sample  must  always  be  mixed  well  immediately 
before  the  charge  is  measured  out  for  testing.  If  sev- 
eral charges  are  to  be  measured  out,  the  sample  must 
be  mixed  each  time.  Thorough  mixing  is  absolutely 
necessary  for  accurate  work. 

PAETLY   CHURNED    MILK 

Milk  from  some  cows,  particularly  of  the  Jersey 
breed,  churns  very  easily  and  sometimes  a  too  vigorous 
agitation  in  mixing  such  milk  causes  some  of  the  fat 
to  collect  in  small  granules  which  will  not  reemulsify. 
This  frequently  happens  also  when  the  milk  is  sent  a 
long  distance  in  partly  filled  containers.  These  granules 
are  easily  recognized,  and  when  they  are  present  special 
treatment  is  required  to  prepare  the  sample  for  testing. 
Ether,  equal  in  volume  to  5  percent  of  the  milk,  may 
be  added ;  the  container  stoppered  and  shaken  vigor- 
ously. The  ether  will  dissolve  the  granules  and  the 
solution  will  mix  with  the  milk.  Immediately  after 
the  solution  has  been  shaken  a  fairly  accurate  charge 
can  be  removed,  but  the  percentage  obtained  must  be 
corrected  for  the  volume  occupied  by  the  ether.  When 
making  a  fat  test  on  milk  containing  ether,  special 
precautions  must  be  observed  in  adding  the  acid,  as  the 
heat  generated  by  the  mixing  of  the  sulfuric  acid  and 
the  milk  may  cause  the  low-boiling-point  ether  to 
evaporate  explosively  and  the  contents  of  the  test  bottle 
to  be  thrown  out. 

Another  and  perhaps  a  better  way  to  treat  partly 
churned  milk  is  to  place  the  container  in  hot  water  until 
the  milk  has  attained  a  temperature  of  not  over  110°  F. 
Caution  must  be  exercised  to  avoid  local  overheating. 
After  a  few  minutes  at  this  temperature  the  granules 
will  have  melted.  The  container  is  then  agitated  vig- 
orously and  a  charge  for  test  is  measured  out  immedi- 
ately. 

The  partial  churning  of  the  samples  does  not  happen 
frequently,  and  with  proper  care  can  always  be  avoided. 
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When  samples  are  to  be  sent  a  considerable  distance, 
the  use  of  a  bottle  which  can  be  closed  with  a  Crown 
cap,  the  ordinary  8-ounce  soft-drink  or  grape-juice 
bottle,  for  example,  will  be  found  convenient  and  safe. 
If  a  cork-stoppered  container  or  a  screw-top  bottle  or 
jar  with  a  plastic  cap  is  used,  a  small  amount  of  head 
space,  not  over  a  half  teaspoonful,  must  be  allowed  for 
possible  expansion. 

SOUK    MILK 

While  the  souring  of  milk  does  not  affect  the  fat, 
it  is  impossible  to  obtain  a  representative  charge 
from  curdled  milk  without  special  treatment.  In 
order  to  obtain  a  good  mixture,  it  is  necessary  to  dis- 
solve the  curd.  This  may  be  accomplished  by  adding 
from  5  to  10  percent  by  volume  of  a  strong  solution  of 
either  caustic  soda  or  potash.  Strong  ammonia  water 
is  preferred  by  many.  The  alkali  must  be  thoroughly 
mixed  with  the  milk  until  a  completely  homogeneous 
liquid  results.  The  charge  for  the  test  must  be  meas- 
ured out  immediately  and  a  correction  made  in  the 
final  percentage  for  the  volume  occupied  by  the  alkali 
solution.  If  desired,  the  powdered  alkali  may  be  added 
directly  to  the  milk  in  small  portions  at  a  time.  The 
operator  must  be  sure  that  one  portion  is  dissolved 
before  another  is  added,  and  the  milk  must  be  stirred 
until  it  has  become  liquid.  No  correction  is  necessary 
for  the  volume  occupied  by  the  powdered  lye.  When 
making  a  fat  test  on  milk  containing  alkali,  special 
precautions  must  be  observed  while  adding  the  sul- 
furic acid,  since  excessive  heat  is  generated  and  the 
contents  of  the  test  bottle  may  be  thrown  out.  When 
alkali  is  used,  slightly  more  acid  is  required.  It  is 
advisable,  of  course,  to  obtain  unchurned  or  unco- 
agulated  samples,  if  possible,  since  fat  tests  on  churned 
or  coagulated  samples  are  not  dependable. 

MEASURING  THE  MILK  FOR  THE  TEST 

Directions  have  already  been  given  for  preparing  the 
sample  for  the  test.  The  milk  is  poured  from  one  con- 
tainer to  another  two  or  three  times,  taking  care  to 
avoid  foaming.  The  tip  of  the  pipette  is  inserted  im- 
mediately, and  the  milk  is  drawn  up  by  the  mouth  until 
it  reaches  a  point  well  above  the  graduation  mark  on 
the  stem ;  the  dry  forefinger  is  then  quickly  placed  over 
the  mouth  of  the  pipette.  By  slightly  relaxing  the 
pressure  of  the  finger,  the  milk  is  allowed  to  flow  down 
until  the  bottom  of  the  meniscus  just  reaches  the  mark. 
If  the  pipette  is  not  dry,  the  first  pipetteful  of  milk 
being  measured  is  discarded.    The  tip  of  the  pipette  is 
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now  placed  in  the  neck  of  the  clean  and  dry  test  bottle, 
and  the  milk  is  allowed  to  flow  slowly  down  the  side. 
Earlier  pipettes  were  not  constructed  with  stems  suffi- 
ciently slender  to  enter  the  necks  of  the  bottles ;  there- 
fore, it  was  necessary  to  hold  both  bottle  and  pipette  in 
awkward  positions  when  transferring  the  milk.  Figure 
12  shows  both  the  right  way  and  the  wrong  way  to  add 
the  milk  to  the  test  bottle  when  using  one  of  the 
older-type  pipettes. 

Dairy  equipment  manufacturers  can  now  supply  a 
17.6-eubie-eentimeter  milk  pipette  with  a  delivery  tube 
that  tits  loosely  inside  the  neck  of  the  8-percent  test 


Figure  12. — Adding  the  milk 
to  the  test  bottle  :  A,  The 
right  way  to  add  the  milk; 
B,  the  wrong  way. 


Figure  13. — Pipette  with 
(a)  small  delivery  tube 
and  (b)  rubber  ring  that 
rests  on  (c)  neck  of  test 
bottle. 


bottle  and  has  a  ribbed  rubber  ring  that  supports  the 
pipette  bulb  on  the  bottle  neck  without  danger  of  break- 
age (fig.  13).  While  the  milk  is  running  freely  into 
the  bottle,  the  operator  can  do  other  work.  This  modi- 
fication saves  the  operator's  time  and  prevents  any  loss 
of  the  measured  milk.  Care  must  always  be  taken  to 
be  sure  that  none  of  the  milk  is  lost  during  the  opera- 
tion. After  the  milk  has  ceased  to  flow  freely,  the  last 
drops  remaining  in  the  tip  of  the  pipette  must  be  gently 
blown  into  the  bottle. 

ADDING  THE   ACID 

The  temperature  of  the  milk  when  the  acid  is  added 
should  be  between  60°  and  70°  F.,  and  the  acid  should 
be  at  about  the  same  temperature.    Seventeen  and  one- 
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half  cubic  centimeters  of  the  acid  are  measured  out 
and,  with  the  bottle  held  at  an  angle,  carefully  poured 
down  the  side,  the  mouth  of  the  bottle  being  rotated 
slowly  at  the  same  time  so  that  any  milk  adhering  to 
the  neck  will  be  washed  down.  For  two  reasons  the 
acid  must  always  be  poured  down  the  side  of  the  neck 
of  the  test  bottle:  (1)  To  avoid  forming  a  plug  of  acid 
in  the  neck,  which  may  be  driven  out  by  the  expansion 
of  the  air  below  ;  and  (2)  to  avoid  localized  overheating, 
which  will  produce  black,  charred  particles  that  do  not 
dissolve  and  that  later  will  interfere  with  the  reading 
of  the  test.  The  acid  and  milk  should  now  be  in  two 
distinct  layers  without  much  of  a  dark  layer  between 
them. 

MIXING  THE  ACID  AND  THE  MILK 

The  acid  is  mixed  immediately  with  the  milk  by  com- 
bining a  rotary  motion  and  gentle  shaking  (8),  the 
hand  grasping  the  neck  of  the  bottle  and  the  mouth 
of  the  bottle  being  held  away  from  the  operator  (fig. 
14).    When  once  commenced,  the  mixing  must  be  con- 


Figure  14. — Mixing  the  milk  and  the  acid  with  a  gentle  rotary 
motion. 

tinued  until  the  solution  is  complete.  The  first  effect 
of  the  acid  is  to  curdle  the  milk  and  to  raise  the  tem- 
perature of  the  mixture  from  60°-70°  F.  to  lS0°-200°. 
This  takes  about  2  minutes.  As  solution  progresses  the 
curd  dissolves  and  the  color  changes,  first  to  a  light 
yellow,  then  to  dark  yellow,  then  through  various  shades 
of  violet  to  brown,  and  finally  to  dark  brown,  if  the  acid 
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is  of  the  proper  strength  and  the  milk  and  acid  are  at 
the  right  temperature  when  mixed.  Acid  too  strong  or 
too  warm  produces  a  deep  black  color.  If  the  milk  has 
been  preserved  with  formaldehyde,  more  time  is  re- 
quired to  complete  the  solution  because  of  the  toughen- 
ing of  the  casein  by  the  formaldehyde.  Common  errors 
by  beginners  are  failure  to  mix  the  acid  thoroughly  with 
the  milk  and  failure  to  continue  the  shaking  until  the 
solution  is  complete.  It  is  advisable  to  shake  the  bottle 
for  a  minute  or  so  after  solution  is  apparently  complete. 
The  specific  gravity  of  the  acid-water  solution  contain- 
ing the  dissolved  solids-not-fat  is  1.4  and  that  of  the 
fat  0.9.  Therefore,  because  of  the  solution  of  the  protein 
of  the  milk  by  the  action  of  the  acid,  the  insolubility  of 
the  fat  in  the  acid-water  solution,  and  the  difference  in 
specific  gravity  of  the  two  liquids,  the  fat  is  now  free 
to  rise  as  a  fat  layer.  Although  not  necessary,  it  is 
preferable  to  centrifuge  the  bottles  immediately.  How- 
ever, they  may  be  kept  24  hours  if  desired,  in  which 
case  they  must  be  placed  in  water  at  170°  to  180°  F. 
for  15  to  20  minutes  before  being  whirled. 

CENTRIFUGING 

The  bottles  are  now  placed  in  the  sockets  of  the  cen- 
trifuge, equally  distributed  about  the  wheel  so  that  its 
equilibrium  is  not  disturbed.  To  facilitate  proper  bal- 
ancing of  the  load,  an  even  number  of  bottles  should 
be  whirled.  Should  an  odd  number  of  tests  be  made, 
a  test  bottle  filled  with  water  may  be  used  to  balance 
the  machine.  When  the  bottles  are  in  place  the  tester 
is  covered  in  order  to  keep  the  bottles  warm  and  to 
protect  the  operator  from  flying  glass  and  acid  should 
any  of  the  bottles  break.  The  tester  is  now  set  in 
motion  and  the  bottles  whirled  at  least  5  minutes  at 
the  proper  speed.  This  should  be  sufficient  to  bring 
practically  all  of  the  fat  to  the  surface.  If  the  first 
whirling  does  not  accomplish  this,  the  fat  obtained  in 
the  graduated  neck  may  not  represent  the  true  per- 
centage of  fat  in  the  milk.  In  cold  weather,  if  a  hand 
tester  is  used,  it  may  be  necessary  to  pour  boiling 
water  into  the  jacket  of  the  tester  to  keep  the  bottles 
warm.  The  temperature  inside  the  tester  should  be 
maintained  at  130°  to  140°  F.  The  use  of  a  thermometer 
for  insuring  the  correct  temperature  is  advised. 

SPEED  OF  CENTRIFUGE 

Farrington  and  Woll  (-J)  have  calculated  the  proper 
speed  of  testers  in  revolutions  per  minute  for  wheels  of 
different  diameters  to  be  as  follows: 
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Revolutions  Revolutions 

Diameter,  inches      per  minute     Diameter,  inches      per  minute 

10 1,074        18 800 

12 980        20 759 

14 909        22 724 

16 848        24 693 

The  diameter  of  the  wheel  is  measured  through  the 
center  of  rotation  and  between  the  inside  bottoms  of 
the  sockets  extended  horizontally  as  they  would  be 
when  in  motion. 

ADDING  THE  WATER 

The  water  used  should  preferably  be  soft  water  or 
condensed  steam.  Untreated  hard  water  will  cause 
trouble,  because  the  decomposition  of  its  carbonates  by 
the  acid,  liberating  carbon  dioxide  will  generate  foam 
on  top  of  the  fat  column  and  obscure  the  meniscus. 
If  soft  water  or  condensed  steam  is  not  available,  hard 
water  may  be  used  if,  before  heating  it,  a  few  drops 
of  sulfuric  acid  are  added.  The  temperature  at  which 
the  test  should  be  read  is  between  130°  and  140°  F. 
This  should  be  borne  in  mind  when  the  water  is  added, 
the  object  being  to  add  water  of  such  a  temperature 
that  the  temperature  of  the  fat  at  the  close  of  the 
last  whirling  will  be  between  these  two  figures. 

A  clean  17.6-cubic  centimeter  pipette  is  the  best  device 
for  adding  the  water,  but  any  other  device  that  allows 
the  water  to  flow  down  the  inside  of  the  bottleneck 
while  the  bottle  is  held  at  an  angle  of  45°  will  do. 
The  water  is  added  gradually  until  the  top  of  the  fat 
layer  is  in  the  neck  somewhere  between  the  base  of  the 
neck  and  the  zero  mark  on  the  graduated  portion,  and 
it  is  added  in  such  a  manner  that  it  will  form  a  clear 
layer  between  the  dark  acid  and  the  fat.  The  water 
must  never  be  added  so  rapidly  or  in  such  a  manner 
that  it  surges  into  or  drops  into  the  acid  layer,  only  to 
dilute  it  and  stir  it  up  and  increase  the  possibility  of 
obscuring  the  lower  meniscus  of  the  fat  column  with 
charred  particles. 

After  the  water  has  been  added,  the  bottles  are  re- 
placed in  the  tester,  the  cover  is  closed,  and  the  bottles 
are  whirled  at  the  correct  speed  for  2  minutes.  After 
the  second  whirling,  hot  water  is  again  added  carefully 
to  each  bottle  until  the  whole  column  of  fat  is  centered 
within  the  graduated  portion  of  the  neck.  If  the  fat 
column  should  extend  below  or  above  the  graduation, 
the  reading  may  be  slightly  in  error.  And  if  the  column 
extends  much  above  the  8-percent  mark,  there  is  the 
further  danger  of  actual  loss  of  fat  due  to  the  possible 
expansion  of  the  contents  of  the  bottle.     This  second 
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addition  of  water  should  be  made  drop  by  drop  directly 
into  the  fat  in  order  to  clear  the  fat  of  the  light,  floceu- 
lent  material  that  may  be  entangled  in  it  and  that 
would  later  interfere  with  the  reading  of  the  test. 
The  whirling  is  repeated  for  another  minute. 
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READING  THE  FAT  COLUMN 

If  the  test  has  been  successfully  conducted,  the  fat 
will  be  in  a  clear,  yellowish,  liquid  column  sharply 
separated  from  the  clear  and  colorless  water  layer 
immediately  below  it  and  with  no  foam 
on  top.  The  bottles  should  be  kept  warm 
either  in  the  tester  or  in  a  water  bath 
until  read,  and  the  readings  should  al- 
ways be  made  when  the  temperature 
of  the  fat  is  between  130°  and  140°  F. 
The  fat  at  this  temperature  will  have, 
if  other  procedures  have  been  correct, 
a  well-defined  meniscus  at  both  the  top 
and  the  bottom.  The  reading  is  made 
from  the  extreme  bottom  of  the  lower 
meniscus  to  the  extreme  top  of  the  upper 
meniscus.  Figure  15  shows  this  graphi- 
cally. The  fat  column  should  be  back- 
lighted uniformly  by  diffuse  light  from 
a  window.  A  pair  of  dividers  with  a 
tight  hinge  is  necessary  in  making  this 
reading.  The  points  are  placed  at  the 
upper  and  lower  limits,  then  lowered 
until  one  point  is  at  the  0  mark ;  the 
other  point  will  indicate  on  the  scale 
the  correct  percentage  for  the  sample 
tested. 

In  some  steam  testers  in  which  the 
exhaust  steam  escapes  into  the  jacket 
and  no  ventilation  is  provided,  the 
temperature  of  the  bottles  will  be  too 
high.  This  may  happen  also  in  an  elec- 
trically driven  tester  heated  by  steam  or  by  electricity. 
After  using  such  a  tester  the  bottles  must  be  allowed  to 
cool  before  making  a  reading,  preferably  by  placing 
them  for  several  minutes  in  a  water  bath  maintained 
between  130°  and  140°  F. 
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Figure  15. — 
Showing- 
method  of 
reading  fat 
column  in 
milk  test- 
ing. Read 
from  a  to  ~b, 
not  a  to  c, 
nor  a  to  d. 


IMPERFECT  TESTS 

If  the  foregoing  directions  have  been  strictly  fol- 
lowed, a  perfect  test  should  be  obtained.  It  is  not  to 
be  expected,  however,  that  the  beginner  will  always 
meet  with  success.     The  next  two  paragraphs  may  be 
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helpful  in  determining  some  of  the  causes  of  an  im- 
perfect test. 

An  imperfect  test  may  result  from  one  of  three 
things:  (1)  Foam  on  the  fat  column,  obscuring  the 
upper  meniscus;  (2)  a  column  of  dark-colored  fat 
containing  black  particles  some  of  which  obscure  the 
lower  meniscus  ;  (3)  a  column  of  light-colored  fat  con- 
taining white,  curdy  material  obscuring  the  lower 
meniscus. 

Foam  is  caused  by  using  hard  water.  Dark-colored 
fat  may  be  produced  by  any  one  or  a  combination  of 
the  following  causes:  (1)  Too  strong  acid;  (2)  too 
much  acid;  (3)  acid  being  too  warm  when  added  to 
the  milk;  (4)  milk  being  too  warm  when  the  acid  was 
added;  (5)  acid  being  dropped  directly  into  the  milk: 
(6)  the  mixing  of  acid  and  milk  being  interrupted 
before  complete  solution;  or  (7)  acid  and  milk  being 
allowed  to  stand  too  long  in  the  test  bottle  before 
being  mixed.  Light-colored  fat  may  be  produced  by 
one  or  more  of  the  following  causes:  (1)  Too  weak 
acid:  (2)  too  little  acid;  (3)  acid  being  too  cold  when 
added  to  milk;  (4)  milk  being  too  cold  when  acid  was 
added;  or  (5)  the  mixing  not  being  continued  long 
enough  to  dissolve  all  the  serum  solids. 

TESTING  HOMOGENIZED  MILK  FOR  FAT 

In  testing  homogenized  milk  by  the  regular  Babcock 
method,  difficulties  have  been  encountered  which  seem- 
ingly can  be  overcome  only  by  modifying  the  method. 
When  the  regular  procedure  is  followed  and  the  usual 
amount  of  sulfuric  acid  is  used,  a  thin  layer  of  char  is 
formed  at  the  base  of  the  fat  column.  And  when  the 
usual  amount  of  acid  is  reduced  to  prevent  charring, 
the  char  is  replaced  by  undigested  curd.  The  following 
modifications  are  suggested  by  Lucas  and  Trout  (7)  : 

1.  Temper  the  acid  and  the  milk  to  70°  F. 

2.  Use  sulfuric  acid  of  1.83  to  1.835  specific  gravity. 

3.  Use  the  full  amount  of  sulfuric  acid  (17.5  ml.). 

4.  Add  the  acid  in  three  portions — 8,  5,  and  4.5  ml., 

respectively. 

5.  Mix  the  acid  and  milk  by  rotary  motion  for  at  least 

15  seconds  after  each  addition  of  acid. 

6.  Shake  the  tests  in  a  mechanical  shaker  for  at  least 

2  minutes  before  centrifuging. 

7.  Centrifuge  and  add  hot  water  in  accordance  with 

the  regular  Babcock  procedure.  Substitution  of 
a  water-alcohol  solution  (1.4  parts  of  water  to 
1  part  of  alcohol  by  weight)  for  the  hot  water 
used  to  bring  the  fat  into  the  neck  of  the  bottle 
for  reading,  is  optional. 
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Figure  16. — Nine-gram  and  eighteen-gram  cream-test  bottles. 
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TESTING  CREAM  FOR  FAT 

While  the  testing  of  cream  by  the  Babeock  test  is 
much  the  same  as  the  testing  of  milk,  there  are  some 
modifications  that  must  be  observed.  The  variation  of 
the  amount  of  fat,  and  consequently  the  variation  of 
the  specific  gravity,  is  much  greater  in  cream  than  in 
milk,  so  that  17.5  cubic  centimeters  never  represent  18 
grams,  as  with  milk.  Cream  also  varies  in  viscosity, 
some  creams  being  thin  and  some  thick ;  therefore 
much  more  of  some  creams  than  of  others  would 
adhere  to  the  walls  of  the  pipette.  Also,  because  cream 
is  more  viscous  than  milk,  cream  retains  more  of  the 
air  that  is  mixed  in  when  it  is  poured  from  one  con- 
tainer to  another.  For  these  reasons  cream  cannot  be 
measured  accurately,  and  the  charge  for  the  test  must 
be  weighed  into  the  test  bottle. 

CREAM-TEST  BOTTLES  AND  BALANCES 

The  American  Dairy  Science  Association  recognizes 
three  types  of  bottles  as  standard  cream-test  bottles: 

(1)  A  50-percent  9-gram  short-neck  bottle   (fig.  16)  ; 

(2)  a  50-percent  9-gram  long-neck  bottle;  and   (3)   a 
50-percent  18-gram  long-neck  bottle  (fig.  18).    The  50- 


Figure  17. — Knife-edge  cream  balance. 

percent  9-gram  short-neck  bottle  is  most  commonly 
used,  perhaps  because  it  is  less  likely  to  be  knocked 
over,  because  it  fits  better  into  any  centrifuge,  and  be- 
cause a  smaller  amount  of  cream  is  needed  for  the  test. 
Several  balances  designed  for  weighing  cream  charges 
are  on  the  market  (figs.  17,  18,  and  19).  The  small 
torsion  balance  (fig.  18),  though  so  sensitive  that  it 
requires  protection  from  air  currents  when  in  use,  is 
very  satisfactory  if  care  is  taken  to  be  sure  that  the 
important  metal  parts   do   not   rust.     Balances   and 
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Figure  18. — Torsion  balance  for  single  bottle. 


Figure  ID. — Torsion  balance  for  12  cream-test  bottles. 


21 


weights  should  be  tested  for  sensitiveness  from  time 
to  time  and  should  always  be  kept  in  perfect  condi- 
tion and  protected  from  contamination  with  acid  or 
alkali.  The  balance  must  have  a  sensibility  reciprocal 
of  not  over  30  milligrams ;  that  is,  the  pointer  should 
be  deflected  a  distance  equal  to  one  division  on  the 
graduation  when  30  milligrams  are  placed  on  either 
pan  and  the  balance  is  loaded  to  capacity.  A  weight 
with  a  tolerance  of  not  more  than  5  milligrams  should 
be  used. 

PREPARING  THE  CREAM  SAMPLE 

A  point  that  must  never  be  lost  sight  of  in  testing 
cream  or  milk  is  that  the  small  quantity  taken  for 
the  test  must  be  truly  representative.  No  matter  how 
carefully  the  test  may  be  carried  out,  if  the  charge 
taken  does  not  accurately  represent  the  cream  or  milk 
to  be  tested,  the  result  will  be  worthless.  The  prepara- 
tion of  cream  for  testing  does  not  differ  materially 
from  that  of  milk.  The  fat  must  be  evenly  distributed, 
and  if  there  are  no  lumps  this  can  be  accomplished 
by  pouring  the  cream  from  one  receptacle  to  another, 
warming  it  slightly  if  it  is  cold.  If  lumps  are  present, 
it  is  advisable  to  pass  the  cream  through  a  fine  sieve 
several  times,  rubbing  the  lumps  through  with  the  fin- 
gers, and  then  to  mix  it  as  usual.  If  the  cream  has  been 
in  the  sample  jar  for  some  time  the  top  of  the  cream 
may  have  become  hard,  leathery,  and  difficult  to  re- 
move. In  this  case,  the  jar  should  be  placed  in  warm 
water  until  its  contents  have  reached  100°  to  110°  F., 
when  the  cream  will  be  soft  and  can  be  easily  removed. 

WEIGHING  THE  CREAM  FOR  THE  TEST 

After  the  sample  has  been  made  homogeneous 
throughout,  the  charge  is  weighed  quickly  into  the  test 
bottle.  The  weight  of  the  charge  depends  on  the  style 
of  bottle  used.  The  9-gram  bottle  is  usually  recom- 
mended. A  pipette  is  useful  in  conveying  the  cream  to 
the  test  bottle,  as  the  flow  can  be  easily  controlled  and 
checked  on  the  drop  when  the  pointer  of  the  balance 
indicates  that  the  correct  quantity  is  in  the  bottle. 
This  weight  must  be  exact,  and  some  experience  is  nec- 
essary before  the  charges  can  be  weighed  quickly  and 
accurately. 

COMPLETING  THE  TEST 

As  with  milk,  the  temperature  of  both  cream  and  acid 
should  be  between  60°  and  70°  F.  before  they  are  put 
together  in  the  test  bottle.  The  sulfuric  acid  is  added 
to  the  cream  in  the  test  bottle,  not  in  a  measured  quan- 
tity as  is  done  with  milk  but  in  small  portions  and  with 
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continual  shaking  until  the  mixture  assumes  the  color 
of  coffee  to  which  cream  has  been  added  (6\  p.  559,  593). 
The  quantity  of  acid  required  to  produce  this  color 
varies  with  the  percentage  of  fat  in  the  cream.  If  the 
cream  and  acid  when  mixed  are  at  about  70°  F.,  about 
one  quarter  to  one  half  the  regular  quantity  (4  to  8 
cubic  centimeters)  of  acid  (specific  gravity  1.82  to 
1.83),  depending  on  the  percentage  of  fat,  will  be  re- 
quired for  a  9-gram  charge.  An  alter- 
nate procedure  for  use  only  with  a  9- 
gram  bottle  is  to  add  exactly  9  grams  of 
soft  or  distilled  water  to  the  9-gram 
cream  charge,  mix  thoroughly,  and  then 
use  17.5  cubic  centimeters  of  sulfuric 
acid.  This  procedure  is  believed  to  re- 
duce the  danger  of  charring  the  fat  and 
more  nearly  to  insure  the  production  of 
a  fat  column  which  is  translucent,  of  a 
golden  yellow  or  amber  color,  and  free 
from  suspended  particles.  After  the 
acid  is  added  to  the  cream,  the  pro- 
cedure from  there  up  to  the  reading  of 
the  percentage  is  exactly  the  same  as  in 
the  milk  test.  The  causes  of  imperfect 
tests  are  the  same  as  in  the  Babcock 
test  for  whole  milk,  with  emphasis  still 
on  the  thorough  mixing  of  milk  and  acid 
before  whirling  and  on  the  proper  pro- 
cedure in  adding  the  water  after  whirl- 
ing. After  the  final  whirling,  the  test 
bottles  are  submerged  to  a  point  above 
the  fat  column  in  a  water  bath  at  135° 
to  140°  F.  After  remaining  in  this  bath 
for  about  15  minutes  they  are  removed 
one  by  one  and  the  readings  made 
quickly.  The  important  difference  be- 
tween reading  the  cream  test  and  the 
milk  test  is  that  with  the  cream  test  the 
fat  column  included  is  from  the  bottom 
of  the  lower  meniscus  to  the  bottom,  not  the  top,  of  the 
upper  meniscus  (fig.  20).  If  the  fat  column  is  read 
with  the  upper  meniscus  undisturbed,  care  must  be 
taken  that  the  eye  is  on  a  level  with  the  point  on  the 
scale  at  which  the  reading  is  made ;  otherwise  an  error 
will  be  made. 

Some  operators  prefer  to  destroy  the  upper  menis- 
cus by  adding,  dropwise  down  the  side  of  the  bottle 
neck  and  immediately  before  reading  the  test,  just 
enough  of  a  liquid  in  which  the  fat  will  not  be  ap- 
preciably soluble,  or  immediately  miscible,  to  cover  the 
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Figure  20. — 
Method  of 
reading  fat 
column  in 
cream  test- 
ing. Read 
from  a  to  c, 
not  a  to  b, 
nor  a  to  d. 
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felt  column  with  a  continuous  layer.  Glyinol  (a  clear, 
white,  mineral  oil  colored  with  an  oil-soluble  dye)  gives 
satisfactory  results.  If  it  is  desired  to  prepare  the 
glyinol,  a  clear,  white,  mineral  oil  may  be  purchased  at 
any  drug  store  and  colored  with  alkanet  root  (6) .  The 
mineral  oil  used  for  the  purpose  should  have  a  specific 
gravity  not  greater  than  0.85  at  20°  C.  If  glymol  is 
used,  the  fat  column  included  in  the  reading  is  from 
the  bottom  of  the  lower  meniscus  to  the  line  between 
the  fat  and  the  glymol. 

TESTING  SKIM  MILK  FOR  FAT 

Although  the  fat  in  skim  milk  can  be  determined  by 
the  Babcock  test,  by  the  same  method  as  is  used  for 
whole  milk,  the  test  is  not  so  accurate.  The  reason, 
probably,  is  as  follows :  The  fat  in  milk,  as  already 
shown,  exists  as  fat  globules  of  different  sizes.  When 
the  cream  is  removed  from  milk,  either  by  the  cen- 
trifugal separator  or  by  gravity,  the  force  acting  to 
separate  it  from  the  skim  milk  acts  more  effectively 
on  the  large  fat  globules ;  consequently,  there  is  a  larger 
proportion  of  small  globules  in  skim  milk  than  in 
cream  or  in  the  whole  milk  from  which  both  are  de- 
rived. In  the  Babock  test,  the  fat  (because  of  its 
greater  buoyancy)  is  forced  out  of  the  heavier  acid 
liquid  in  the  test  bottle  and  then  into  the  neck  of  the 
bottle  as  the  water  is  aclcled.  However,  some  of  the 
smaller  globules  never  reach  the  neck  of  the  test  bottle. 
This  is  compensated  for  in  testing  whole  milk  by  a 
liberal  reading  of  the  fat  column — that  is,  by  reading 
from  the  bottom  of  the  lower  meniscus  to  the  top  of  the 
upper  one.  In  skim  milk,  however,  since  most  of  the 
fat  globules  are  small,  a  greater  proportion  of  them  fail 
to  rise  into  the  neck  of  the  test  bottle ;  consequently, 
the  reading  is  always  too  low  and  never  gives  the  true 
percentage  of  fat.  The  skim-milk  test  is  valuable  prin- 
cipally for  testing  the  completeness  of  the  skimming, 
and  its  results  must  not  be  interpreted  too  strictly. 

The  skim-milk  test  bottle  differs  from  the  whole-milk 
Test  bottle  in  having  two  necks.  One  neck  has  a  small 
bore  with  a  capacity  of  0.25  percent  graduated  to  0.01 
percent,  and  is  for  the  fat  column.  The  other  neck  ex- 
tends nearly  to  the  bottom  of  the  bottle  and  is  for 
filling  (fig.  21). 

Seventeen  and  one-half  cubic  centimeters  of  skim 
milk  are  placed  in  the  test  bottle  through  its  filling 
tube.  Twenty  cubic  centimeters  of  sulfuric  acid  are 
added  in  2  portions  of  10  cubic  centimeters  each,  shak- 
ing after  each  addition.     Great  care  must  be  taken 
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while  shaking  to  be  sure  that  no  particles  reach  the  fat 
tube :  otherwise  it  will  become  plugged  and  the  test 
will  be  ruined.  The  test  bottles  are  placed  in  the  tester 
with  the  filling  tubes  toward  the  center.  The  first 
whirling  is  continued  1  or  2  minutes  longer  than  when 
testing  whole  milk.  As  in  whole-milk  testing,  hot  water 
is  added  in  two  portions,  the  second  one  bringing  the 
water  to  the  top  of  the  filling  tube.  Otherwise  the  fat 
column  will  extend  below  the  graduation  scale  and  the 
fat  will  be  smeared  up  and  down  the  neck  in  an  attempt 
to  bring  it  within  the  scale.  The  reading  should  be 
made  immediately  after  the  final  whirling. 

The  modified  Babcock  skim-milk  test 
described   below   is   preferred   by   many  f=^j|f 

persons  to  the  regular  skim-milk  test  just 
explained.  The  results  obtained  with 
this  test  are  more  nearly  comparable  to 
those  obtained  by  the  Roese-Gottlieb  ex- 
traction method.  It  is  similar  to  the 
American  Association  test,  which  was 
developed  in  the  laboratories  of  the 
American  Association  of  Creamery  Butter 
Manufacturers  for  testing  buttermilk 
{15). 

Two  cubic  centimeters  of  normal-butyl 
alcohol  are  measured  into  the  filling  tube 
of  the  skim-milk  bottle,  followed  by  9 
cubic  centimeters  of  skim  milk  measured 
with  a  9-cubic-centimeter  pipette.  The 
alcohol  and  milk  are  thoroughly  mixed 
and  7  to  9  cubic  centimeters  of  sulfuric 
acid  (specific  gravity  1.82)  are  added. 
The  first  whirling  is  for  6  minutes,  fol- 
lowed by  the  usual  addition  of  hot  water. 
The  second  whirling  is  for  2  minutes.  The 
final  whirling  is  for  2  minutes.  The  same 
precautions  are  taken  in  mixing  the  milk 
and  acid,  in  centrifuging,  and  in  adding 
the  water  as  in  the  original  Babcock  test. 
If  a  heated  centrifuge  is  used,  the  test 
should  be  read  immediately  upon  removing  the  bottle 
from  the  machine.  The  reading  must  be  multiplied  by 
2  to  get  the  correct  percentage. 

TESTING   BUTTERMILK  AND  WHEY   FOR   FAT 

Buttermilk  and  whey  may  be  tested  by  either  of 
the  methods  described  for  skim  milk,  except  that 
whey,  having  less  solids-not-fat,  requires  .only  about 
half  the  usual  quantity  of  acid.  Because  there  is  usually 
more  fat  remaining  in  buttermilk  and  whey  than  in 


Figure  21. — 
Skim  -  milk 
test    bottle. 
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skim  milk,  a  double-neck  test  bottle  with  a  capacity  in 
the  graduated  neck  of  0.50  percent  or  even  1  percent 
may  be  obtained. 

PRESERVING  SAMPLES  OF  MILK  AND  CREAM 

If  for  any  reason  it  is  desired  to  keep  a  sample  of 
milk  or  cream  for  a  few  days  before  testing  it,  a 
preservative  should  be  added  to  prevent  decomposi- 
tion, and  the  sample  placed  in  a  refrigerator.  For- 
malin (a  37  percent  solution  of  formaldehyde),  cor- 
rosive sublimate  (mercuric  chloride),  or  potassium 
bichromate  may  be  used  for  this  purpose.  Formalin 
can  easily  be  added  in  accurate  proportions  and  can 
be  dispersed  thoroughly  through  the 
sample ;  on  the  other  hand,  it  tough- 
ens the  casein  and  renders  it  more 
difficult  to  dissolve  in  the  sulfuric 
acid.  Adding  about  16  drops  should 
keep  a  pint  of  milk  or  cream  for  2 
weeks  or  more.  Corrosive  sublimate, 
while  the  most  efficient  of  the  three, 
is  the  most  toxic  poison,  and  does  not 
^  indicate    its    presence    like    formalin, 

Jar  wi'th  Dy  its  °dor,  or  bichromate,  by  its 
perforated  color.  Samples  preserved  with  cor- 
cover  for  rosive  sublimate  should  be  colored  in 
tyfng1  Gtest  some   way    to    indicate   the    presence 

bottles.  of  the  poison.     Tablets   of  corrosive 

sublimate  containing  coloring  matter 
may  be  purchased  from  any  dairy-supply  house.  One 
or  two  tablets  in  a  half-pint  composite  sample  are 
sufficient.  If  potassium  bichromate  is  used,  the 
samples  should  be  kept  in  a  dark  place ;  one  half 
gram  is  sufficient  to  preserve  a  pint  of  milk  or  cream 
for  a  reasonable  length  of  time. 

CLEANING  THE  GLASSWARE 

The  empty  acid  cylinder  should  be  rinsed  thoroughly 
with  cold  water,  inverted,  and  allowed  to  dry  after 
each  day's  testing.  The  milk  pipette  should  first  be 
rinsed  with  lukewarm  water,  then  washed  in  a  solution 
of  soap  powder  or  other  detergent,  rinsed  again  with 
hot  water,  and  then  placed  in  a  vertical  position  to  dry. 
It  is  necessary  to  take  special  precautions  to  clean  the 
test  bottles  after  each  use  to  be  sure  that  no  fat  remains 
in  the  bottles  to  contaminate  the  tests  when  the  bottles 
are  used  again.  Afer  the  test  is  read  and  recorded  and 
while  the  test  bottles  are  still  hot,  they  should  be 
emptied.    A  convenient  device  to  use  for  this  operation 
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consists  of  a  5-gallon  stone  jar  with  a  wooden  cover  in 
which  half-inch  holes  have  been  bored  (fig.  22).  After 
the  test  has  been  completed,  the  necks  of  the  bottles  are 
inverted  into  the  holes.  While  the  bottles  are  draining, 
each  one  must  be  shaken  frequently  to  loosen  the  gray- 
ish-white deposit  of  calcium  sulfate  that  has  accumu- 
lated on  the  bottom,,  as  it  is  very  difficult  to  remove  this 
deposit  later  from  the  empty  bottle.  The  empty  bottles 
should  be  filled  and  emptied  twice  with  very  hot  water 
and  then  with  a  warm  solution  of  soap  powder  or  other 
suitable  alkaline  detergent.  The  bottles  should  then 
be  rinsed  twice  more  with  hot  water,  and  then  they 
should  be  placed  in  an  inverted  position  in  a  suitable 
rack  to  drain  until  dry. 

DETERMINATION  OF  TOTAL  SOLIDS   IN  MILK 

As  stated  earlier,  milk  is  composed  of  water  and  the 
various  solids  collectively  known  as  total  solids  or  milk 
solids.  Therefore  the  easiest  way  to  determine  the 
amount  of  total  solids  in  a  given  quantity  of  milk  is 
to  separate  them  from  the  water  and  weigh  them.  This 
is  exactly  the  method  used  in  the  laboratory.  A  small 
quantity  of  milk  is  weighed  into  a  shallow  fiat-bottomed 
dish  and  heated  until  all  the  water  is  driven  off.  Dur- 
ing this  evaporation  the  milk  must  not  be  heated  to 
more  than  a  degree  or  so  above  the  boiling  point  of 
water,  because  at  any  higher  temperature  some  of  the 
solids  are  decomposed. 

EQUIPMENT 

OVENS 

It  is  desirable  to  use  an  oven  to  hold  the  milk  at  the 
right  temperature  during  the  evaporation.  The  sim- 
plest and  most  easily  regulated  oven  is  the  so-called 
double-walled  drying  oven  (fig.  23).  This  is  really  one 
oven  inside  another,  the  space  between  the  two  being 
partly  filled  with  water.  A  burner  placed  under  the 
oven  boils  the  water,  and  the  remaining  space  between 
the  walls  is  filled  with  steam,  which  maintains  a  con- 
stant temperature  in  the  inner  compartment  that  holds 
the  milk  dishes.  The  efficiency  of  any  drying  oven  is 
affected  by  the  number  of  samples  being  dried  at  one 
time.  Unless  it  is  carefully  watched,  the  oven  will 
"boil  dry."  To  prevent  this,  some  sort  of  condenser 
should  be  attached.  The  globe  condenser  is  very  satis- 
factory. Some  ovens  are  constructed  with  constant- 
level  attachments. 
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In  many  laboratories  so-called  vacuum  ovens  are 
available  in  which  the  air  pressure  may  be  reduced  by 
a  pump  to  a  small  fraction  of  the  atmospheric  pressure. 
These  are  preferable  to  the  oven  just  described,  because 
the  initial  period  during  which  the  total-solids  sample 
is  in  the  oven  may  be  reduced  by  half  (p.  31). 


Figure  23. — Double-walled  drying  oven. 
BALANCE 

Accurate  weighings  are  required  in  the  determination 
of  total  solids  in  milk,  and  it  is  necessary  to  use  an 
analytical  balance  (fig.  24).  The  cream-test  balance 
is  not  sensitive  enough  for  this  purpose.  On  the  other 
hand,  the  analytical  balance  cannot  be  used  with  advan- 
tage in  weighing  cream  charges  for  the  Babcock  test. 
An  analytical  balance,  sensitive  enough  for  the  pur- 
pose and  with  the  necessary  analytical  weights,  can 
be  purchased  for  from  $150  to  $400.  Space  does  not 
permit  directions  for  using  the  analytical  balance.  If 
the  operator  is  not  familiar  with  its  use,  he  is  ad- 
vised to  consult  some  elementary  treatise  on  quanti- 
tative chemical  analysis.  It  must  be  borne  in  mind 
that  the  analytical  balance  is  a  very  delicate  instru- 
ment and  must  be  treated  accordingly. 
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Figure  24. — Analytical  balance. 


Figure  25. — Desiccator. 
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DESICCATOR 

A  warm  dish  cannot  be  weighed  accurately  on  the 
balance  because  its  heat  creates  air  currents  which 
buoy  up  the  scale  pan  sufficiently  to  make  the  dish 
appear  lighter  than  it  really  is.  Again,  many  sub- 
stances cannot  be  exposed  to  the  air  without  absorb- 
ing atmospheric  moisture  and  in  this  way  introducing 
an  error  into  the  weighing.  For  these  reasons  it  is 
customary  to  cool  the  dishes  in  a  device  known  as  a 
desiccator  (fig.  25)  before  weighing  them.  A  desic- 
cator is  a  specially  constructed  covered  jar  which 
contains  sulfuric  acid  (specific  gravity  1.84)  or  anhy- 
drous calcium  chloride,  which  absorbs  all  the  atmos- 
pheric moisture  in  the  inclosed  space.  A  desiccator 
containing  no  moisture  and  having  its  cover  sealed 
airtight  with  heavy  grease  will  prevent  a  substance 
inside  it  from  absorbing  any  moisture.  The  calcium 
chloride,  which  it  is  advisable  for  beginners  to  use, 
should  form  a  layer  about  1  inch  deep  on  the  bottom  of 
the  desiccator  and  should  be  renewed  as  soon  as  it 
ceases  to  appear  hard  and  dry.  The  cover  of  the 
desiccator  should  be  removed  only  when  necessary,  and 
then  for  the  shortest  possible  time. 

MILK   DISHES 

Milk  dishes  are  com- 
monly made  of  aluminum 
and  should  be  approxi- 
mately 2y2  inches  in  di- 
ameter and  %  inch  deep, 
with  cover  (fig.  26).  Each 
dish  should  bear  a  number 
by  which  it  can  be  iden- 
tified.   This  number  may 

be  scratched  or  punched  on  the  side  of  the  dish  and 

on  the  cover. 

METHOD 

PREPARING  THE  DISHES 

The  clean  and  dry  dishes  should  be  heated  in  the 
drying  oven  for  half  an  hour,  then  removed  and  placed 
in  the  desiccator  until  cool.  They  may  be  handled 
carefully  and  quickly  with  clean,  dry  fingers.  As  soon 
as  they  are  cool  they  should  be  weighed  on  the  analyti- 
cal balance. 

WEIGHING  THE   MILK 

After  the  milk  has  been  thoroughly  mixed,  it  is 
drawn  up  in  a  pipette  and  allowed  to  flow  into  the 


Figure     26. — Milk 
cover. 


dish    with 
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previously  weighed  dish  until  a  thin  film  just  covers 
the  bottom  ;  the  cover  is  placed  immediately  on  the  dish, 
and  dish  and  milk  are  weighed  quickly.  The  weight  of 
the  charge  is  obtained  by  subtracting  the  weight  of  the 
empty  dish  from  this  last  weight.  The  charge  should 
weigh  about  2  grams. 

EVAPORATING  THE   WATER 

The  dishes  containing  the  milk  are  now  placed  in 
the  oven,  dried  for  about  4  hours,  and  then  placed  in 
the  desiccator  until  cool,  when  they  are  weighed.  They 
are  then  returned  to  the  oven  for  30  minutes,  after 
which  they  are  cooled  and  weighed  as  before.  If  there 
is  only  0.4  milligram  loss  in  weight,  or  if  there  is  a 
slight  gain  in  weight  during  the  30  minutes,  it  indicates 
that  ail  the  water  is  driven  off  and  this  last  weight, 
minus  the  weight  of  the  empty  dish,  is  the  weight  of 
the  total  solids  in  the  charge  taken.  This  multiplied  by 
100  and  divided  by  the  weight  of  the  charge  gives  the 
percentage.  If  there  is  too  great  a  loss  in  weight  during 
the  30  minutes,  the  dishes  are  returned  to  the  oven 
and  dried  for  another  period  or  until  they  cease  to  lose 
weight. 

DETERMINATION   OF   SOLIDS-NOT-FAT 

The  percentage  of  solids-not-fat,  or  serum  solids,  is 
found  by  subtracting  the  percentage  of  fat  from  the 
percentage  of  total  solids. 

DETERMINATION  OF  SPECIFIC  GRAVITY  OF 
MILK 

For  exact  work,  the  specific  gravity  of  milk  is  de- 
termined by  comparing,  under  controlled-temperature 
conditions,  the  weight  of  a  volume  of  milk  with  that 
of  an  equal  volume  of  pure  water.  For  inspection 
work  an  instrument  known  as  the  Westphal  balance 
or  the  special  lactometer  described  in  Bureau  of  Animal 
Industry  Bulletin  134  (13  )3  is  sufficiently  accurate. 

WESTPHAL  BALANCE 

The  Westphal  balance  (fig.  27)  consists  of  a  pivoted 
beam  graduated  on  one  arm  and  bearing  a  plummet  or 
float.  The  weights,  in  terms  of  specific  gravity,  rep- 
resent units,  tenths,  hundredths,  thousandths,  and  ten 
thousandths.  With  no  weight  on  the  beam  it  balances 
when  the  plummet  floats  in  air.  When  the  unit  weight 
is  in  position,  it  balances  when  the  plummet  floats  in 


3  This  publication  is  no  longer  available  except  in  libraries. 
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water  at  60°  F.  When  the  plummet  is  submerged  in  a 
liquid  heavier  than  water,  such  as  milk,  also  at  60°, 
additional  weights  are  required  to  bring  the  instrument 

to  equilibrium.  The  specific 
gravity  is  read  off  directly 
from  the  value  of  the 
weights  and  their  position 
on  the  beam.  Detailed  di- 
rections usually  accompany 
the  instrument. 

LACTOMETERS 


Figure  27. — Westphal  bal- 
ance. 


Most  lactometers  are  not 
sensitive  enough  to  deter- 
mine the  specific  gravity  of 
milk  if  more  than  approxi- 
mate figures  are  required. 
The  use  of  either  the  West- 
phal balance  or  the  special 
lactometer  previously  men- 
tioned, which  reads  directly 
in  specific  gravities  (1.029, 
1.030,  etc.),  is  advised.  If, 
however,  only  approximate 
results  are  required,  the  ordinary  lactometer,  of  which 
there  are  several  types  on  the  market  (fig.  28),  which 
usually  read  in  Quevenne  degrees,  will  suffice.  Qu<^- 
venne  degrees  may  be  converted  into  specific  gravity 
by  dividing  by  1,000  and  then  adding  1  to  the  quotient. 
For  example,  if  the  Quevenne  reading  is  32.5,  the  spe- 
cific gravity  is  1.0325. 

The  special  lactometer  (fig.  29)  is  used  in  exactly  the 
same  manner  as  is  the  hydrometer  in  testing  sulfuric 
acid,  according  to  directions  on  page  7,  except  that  the 
mark  on  the  lactometer  scale  at  the  exact  level  of  the 
milk  is  difficult  to  see  because  of  the  opaqueness  of  the 
milk  meniscus.  Therefore,  it  is  a  customary  practice 
of  manufacturers  to  standardize  all  lactometers  to  be 
read  at  the  top  of  the  meniscus. 

Because  of  the  slowness  of  adjustment  of  the  physical 
state  of  the  milk-fat  globules  to  changes  in  temperature, 
and  since  lactometers  are  customarily  standardized  to 
be  read  at  60°  F.,  a  procedure  such  as  the  following  is 
necessary  in  preparing  the  milk  sample.  If  the  milk 
is  freshly  drawn  or  has  been  unduly  shaken  in  transit  or 
handling  so  that  considerable  air  has  been  incorporated, 
it  should  be  held  at  a  temperature  not  lower  than  50° 
for  3  or  4  hours  to  allow  trapped  air  to  escape. 

For  the  specific-gravity  determination,  cool  the 
sample  of  milk  rapidly  to  a  temperature  between  35° 
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and  40°  F.  and  hold  it  below  40°  for  4  to 
6  hours.  Then  allow  the  milk  to  warm 
up  slowly  during  at  least  a  half-hour  pe- 
riod to  55°.  Mix  the  cream  layer  into  the 
milk  by  pouring  carefully  back  and  forth 
several  times,  each  time  allowing  the 
milk  to  run  down  the  inside  wall  of  the 
receptacle  to  avoid  incorporating  air. 
Taking  the  same  care,  pour  the  mixed 
milk  into  the  specific-gravity  cylinder 
which,  with  the  lactometer,  has  been  pre- 
viously cooled  in  the  water  bath  to  58° 
Immerse  the  cylinder  in  the  water  bath 


Figure  28.  —  Types 
of  ordinary  lac- 
tometers. 


and  bring  the  water 
bath  and  milk  rapidly 
to  a  temperature  of 
60°,  taking  care  not 
to  exceed  that  tem- 
perature. Before 
reading  the  mark  on 
the  lactometer  stem 
at  the  top  of  the  me- 
niscus be  sure  that 
the  lactometer  floats 
freely  and  that  the 
stem  above  the  milk 
is  clean  and  dry. 

A  lactometer  known 
as  the  New  York 
Board  of  Health  lac- 
tometer is  also  in 
somewhat  general 
use.  The  scale  of 
this  instrument  does 
not  give  the  specific 
gravity  directly,  but 
is  so  arranged  that 
milk  having  a  specific 
gravity  of  1.029  (at 
60°  F.)  will  read 
100°.  As  the  zero 
.  mark  is  the  point  to 
which  it  will  sink 
when  immersed  in 
pure  water,  100°  on 
the  scale  corresponds  figure  29.- 
to  29°  on  the  Que-  Special  lac- 
venne  scale.     New 


tometer. 

York  Board  of  Health  lactometer  degrees  may  be  con- 
verted into  Quevenne  degrees  by  multiplying  by  0.29. 
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CALCULATING  TOTAL  SOLIDS  IN  MILK  BY 
FORMULA 

When  the  percentage  of  fat  and  the  specific  gravity 
of  the  milk  are  known  and  only  the  closely  approximate 
percentage  of  total  solids  is  wanted,  it  should  be  cal- 
culated by  the  Babcock  formula.  Table  2  and  direc- 
tions for  using  it  are  taken  from  Bureau  of  Animal 
Industry  Bulletin  134   {IS).4 

Table  2. — For  determining  total  solids  in  milk  from  any 
given  specific  gravity  and  percentage  of  fat 


[Percent  total  s 

Dlids] 

Per- 

Lactometer reading  at  60°  F.  (Quevenne  degrees)  when  the 

cent- 

specific gravity  is — 

age 

■  of 
fat 

26 

27 

28 

29 

30 

31 

32 

33       34       35 

36 

2,00 

8.90 

9.15 

9.40 

9.65 

9.90 

10.15 

10.40 

10.66  10.9111.16 

11.41 

2.05 

8.96 

9.21 

9.46 

9.71 

9.  96  10.  2110.  46  10.  72!10.  9711.  22|ll.  47 

2.10 

9.02 

9.27 

9.52 

9.77 

10. 02  10.  2710.  5210.  78|U.  0311.  28  11.  53 

2.15 

9.08 

9.33 

9.58 

9.  83  10.  OSjlO.  3310.  58110.  84111.  0911.  34  11.  59 

2.20 

9.14 

9.39 

9.64 

9.  8910. 1410.  39jl0.  6410.  9011. 1511.  40  11.  65 

2.25 

9.20 

9.45 

9.70 

9.  95  10.  20110.  4510.  70J10.  96J11.  21111.  46  11.  71 

2.30 

9.26 

9.51 

9.76 

10. 0110.  26 10.  5110.  7611.  02  11.  2711.  52  11.  77 

2.35 

9.32 

9.57 

9.  82  10.  0710.  32|10.  5710.  82  11.  08J11.  33  11.  5S11.  83 

2.40 

9.38 

9.63 

9.  88  10. 1310.  38|10.  6310.  8811. 14  11. 3911.  64  11.  89 

2.45 

9.44 

9.69 

9.  94ll0. 19!l0.  4410.  6910.  9411.  2011.  4511.  70,11.  95 

2.50 

9.50 

9.75 

10. 00 110.2510.  50 

10.  75ill.  0011.  2611.  51 11.  76  12.  01 

2.55 

9.56 

9. 81  la  06 10. 31 10. 56 

10.  81  111.  0611.  3211.  5711.  82  12.  07 

2.60 

9.62 

9.  87110. 12110.  3710.  62 

10.  87  11. 1211. 38  11.  63 11.  8812. 13 

2.65 

9.68 

9.9310.1810.4310.68 

10.  9311. 18 11. 4411.  6911.  94  12. 19 

2.70 

9.74 

9.  9910.  2410.4910.  74 

10.  99111.  24111.  5011.  7512.  00  12.  25 

2.75 

9.80 

10.  0510.  30:10.55  10.  80  11. 05 

11.3111.  5611.  81112.  0612.  31 

2.80 

9.86 

10.llll0.36jl0.6110.8611.il 

11.  37  11.  6211.  8712. 12  12.  37 

2.85 

9.92 

10.1710.4210.6710.9211.17 

11.  43  11.  68J11.  9312. 18  12.  43 

2.90 

9.98 

10.  23  10.  4810.  7310.  9811.  23  11.  49111.  74  11.  99112.  24  12.  49 

2.95 

10.  04  10.  29!10.  54(10.  7911. 04lll.  3011.  55  1 1.  80  12. 05  12.  30  12.  55 

3.00 

10.10  10.35 

10.  60  10.  8511. 10  11. 3611.  61 11.  8612. 11 12.  3612.  61 

3.05 

10.1610.41 

10.  66110.  9llll.  17  11.  42 11.  6711.  9212. 17 12.  421 2.  68 

3.10 

10.  22110.  47 

10.  72|10.  9711.  2311.  48J11.  7311.  98,12.  2312.  48,12.  74 

3.15 

10.  28  10.  53 

10.78 

11.08111.  29  11.  5411.  7912.  04  12.  29  12.  5512.  80 

3.20 

10.  34!  10.  59 

10.84 

11.  0911.  3511.  6011.  8512. 1012.  3512.  6112.  86 

3.25 

10.4010.65 

10.90 

11. 16111.  4111.  6611.  9112. 16112.  42  12.  67;12.  92 

3.30 

10.46  10.71 

10.  96 

11.  22 11.  47 11.  72111.  971.12.  22  12.  4812.  7312.  98 

3.35  10.52110.77 

11.03 

11.  28  11.  53  11.  78 12.  0312.  28  12.  54 12.  79  13.  04 

3.  40ll0.  58110.83 

11.09 

11.  34  11.  59111.  8412.-09  12.  34  12.  60  12.  8513. 10 

3.  45!]  0.64  10.  89 

11. 15111.  40J11.  6511.  9012. 1512.  4012.  6612.  91  13. 16 

3.50 

10.70 

10.  95  11.  2111.  46111.  71111.  9612.  21 12.  4612.  72  12.  9713.  22 

3.55 

10.76 

11.  02  11.  2711.  52  11.  77!l2. 02i]2.  27  12.  5212.  7813.  03  13.  28 

3.60 

10.82 

11.0811.3311.5811.83 

12.  08ll  2.  33  12.  5812.  84  13.  09  13.  34 

3.6510.88 

11.1411.3911.64  11.89 

12. 1412.  39  12.  64  12.  90,13. 1513.  40 

3.70J10.94 

11.  20111.  45  11.  7011.  95 

12.  20  12.  4512.  7012.  96  13.  21  13.  46 

3.  75111.  OOlll.  26|11.  51111.  7612.  01 

12.  2612.  51 12.  76|l3.  02  13.  27J13.  52 

3.80 

111.06 

|11.32 

11.57 

ill.  82 

112.07 

12.32 

12.57 

|12.  82|13.  0S|13.  33|13.  58 

4  See  footnote  3,  p.  31. 
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Table  2. — For  determining  total  solids  in  milk  from  any 
given  specific  gravity  and  percentage  of  fat — Continued 


Per- 
cent- 


er 
fat 


Lactometer  reading  at  60°  F.  (Quevenne  degrees)  when  the 
specific  gravity  is — 


26 


85  11. 
90  11. 
95  11. 
OOill. 
Oo'll. 
1011. 


27   I    28 


4511. 
50111. 
55  11. 
60  12. 
6512. 
7012. 
75  12. 
80  12. 
85  12. 
9012. 
95  12. 
0012. 
0512. 
10H2. 
15H2. 
20112. 
2512. 
30J12. 
35  12. 
4012. 
45,13. 
5013. 
55  13. 
60  13. 
65|13. 
70,13. 
7513. 
8043. 
85  13. 
90  13. 
9513. 
0013. 
05  13. 
1013. 
1513. 
20  13. 
25  14. 
3014. 
35  14. 


12  11. 
1811. 

24  11. 
3011. 
36,11. 
4241. 
4Slll. 
5411. 
60.11. 
66111. 
7211. 
78  1 2. 
84  12. 
90;12. 
9712. 
03  12. 
09  12. 
15  12. 
2112. 
2712. 
3312. 
3912. 
4512. 
5l'l2. 
57,12. 
6312. 
69;12. 
7513. 
81J13. 
8713. 
9313. 
9913. 
0513. 
1113. 
17.13. 
2313. 
2913. 
3513. 
4113. 
4713. 
53  13. 
5913. 
6513. 
7113. 
7714. 
83!  14. 
8914. 
95,14. 
0114. 
07114. 
13114. 
1914. 
2514. 
3114. 
3714. 


3811. 
4411. 
50  11. 
5611. 
6211. 
68111. 
7411. 
8012. 
8612. 
9212. 

98:12. 

0412, 

1012. 
16  12. 
22  12. 
28  12. 
34  12. 
4012. 
4612. 
5212. 
5812. 
6412. 
70  12. 
7613. 
82  13. 
8813. 
94  13. 
0013. 
0613. 
1213. 
1813. 
24  13. 
3013. 
36  13. 
42  13. 
4813. 
5413. 
60  13. 
66  13. 
7213. 
78,14. 
8414. 
90  14. 
9614. 
02  14. 
0814. 
1414. 
2014. 
2614. 
3214. 
38J14. 
4414. 
5014. 
5614. 
6214. 


29 


63  11. 
6911 
75  12. 
8112. 
S7  12. 
9312. 
9912. 


30   i    31 


88  12. 13  12. 
9412.1912. 
00  12.2512. 


32    ,    33    i    34       35 


36 


0612.31 
1212.37 
18  12.43 
24J12.  49, 
3012.55 


4112. 
4712. 
5312. 
59  12. 
6512. 
"  12. 


3812, 
4412. 
5012, 
5612, 
62  12, 
6812 
r412. 
13, 


71 

77 

S3 

89 

95 

01 

07 

1313 

19113, 

25  13. 

3113. 

37  13. 

4313. 

4913. 

5513. 

61113. 

6713. 

7313. 

7914. 

85J14. 

9114. 

9714. 

04|14. 

1014. 

16|14. 

2214. 

2814. 

34,14. 

4014. 

4614. 

5214. 

58  14. 


12.61 

12.  6' 

12.71 

12.79 

12.85 
66,12.9113, 
72|12.97|13, 
7813.0313 
8413.0943 
90  13. 15  13 
96|13.2l!l3. 
0213.  2713 
0813.3313 
14113.  39|13. 
20i  13.  45J13. 
2613.51113. 
32  13.57113 


86 


6312.8813. 
69  12.  94  13. 
7513.0013. 
8113.0613. 
S7  13.12  13. 
9313.1813. 
99J13.2513. 
0513.3113. 
12J13.  3713. 
18  13.  43  13. 


1413. 

20  13. 
26  13. 
3213. 
38  13. 
4413. 
50,13. 
5613. 
62!13. 


3913.64 
4513.70 
5113.77 
57  13.  S3 
6313.89 
6913.95 


13.  63  13. 

13.6913. 

13.  75  14. 

13.8114. 

13.8714. 

13.  93!  14. 

14.00  14. 

14.0614. 
86:14. 12jl4. 
93|14. 1814. 
9914.2414. 
0514.30'l4. 
1114.3614. 
1714.42'l4. 
2314.4814. 
29114.  54 14. 
3514.6014. 
4114.6614. 
4714.  7214. 
5314.78  15. 


04 

10 
16ll3. 

22  13. 

28  13. 

34;13. 

4013. 
4613. 
5213. 

58J13. 
64  13. 
70113. 
76i  14. 
83  14. 
8914. 
9514. 
0114. 
07|14. 
13,14. 
1914. 
2514. 
3114. 
3714. 
4314. 
4914. 
5514. 
6114. 
6814. 
7414. 
80)15. 
8615. 
9215. 
9845. 


13.  49  13 
13.5513 
13.  61  13. 

13.  67  13. 
48113.7313. 
54J13.  7914. 
6013.  85  14. 
(it:  13.91  14. 
7213.9714. 

14.03 

14.09 

14. 15 

14.21 

14.27 

14.33 

14.39114. 

14.45J14. 

14.  51  14. 
14.  5714. 
.14.63  14. 

44114.7014. 
50,14.  76il5. 
5614.8215. 
6214.88  15. 


13. 

14. 

14. 
8614. 
9214. 
98!  14. 
04,14. 
1014. 
16  14. 


5914.  84 

6514.90 

71J14.96 

15.  02 


83  15.08  15. 


14.90115. 14 

14. 

15. 

15. 

15. 


15.  20 
15.  26 
15.  32 
15.38 


14.94  15, 
15.00  15. 
15.0615. 
15.1215. 
15. 18115. 
15.2415. 
15.3015. 
15.3615. 
15.4215. 
15.48115. 
15.  54 15. 
15.6015. 
15.6615. 
15.72:15. 
15.  78  16. 


15.84 
15.90 
15.96 
16.02 
16.08 
16.14 


6444. 
7014. 
76jl5. 
82  15. 
8815. 
9515. 
0115. 
07|15. 
13;15. 
1915. 
25,15. 
3115. 
37115. 
431.15. 
4915. 
55!  15. 
61 1 15. 
6715. 
73  15. 
7918. 
8516. 
91;  16. 
9716. 
03  16. 
0916. 
15I16. 
2116. 
2716. 
3316. 
3916. 


14.01 
14.07 
14.13 
14.19 
14.25 
06|14.31 
1214.37 
1814.43 
2414.  49 
3014.  55 
3614.  61 
42fl4.  67 
4814.  73 
54  14.  79 
60  14.  85 
66  14.  91 
2  14.  97 
15.03 
15.09 
15.15 
9615.21 
02|l5.27 
0815.33 
1415.39 
2015.45 
26  15.  51 
3215.57 
3815.63 
44;  15.  69 
5015.75 
5615.81 
62|l5.87 
6815.  93 
7415.99 
80:16.06 
86  16.12 
92  16. 18 
98  16.  24 
04  16.  30 
10  16.35 
16  16.  42 
22  16.  48 
28.16.54 
34  16.  60 
40  16.66 
46  16.  72 
52  16.78 
58,16.84 
64116.  90 
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Table  2. — For  determining  total  solids  in  milk  from  any 
given  specific  gravity  and  percentage  of  fat — Continued 


Per- 

Lactometer reading  at  60°  F.  (Quevenne  degrees)  when  the 

cent- 

specific gravity  is — 

age 

of 

fat 

26       27 

28       29    !    30       31       32       33       34       35         36 

6.60 

14.43  14.68 

14.94 

j                                         1 
15.  20  15.  44115.  70  15.  95  16.  20  16.  45  16.  70  16.  96     j 

6.65  14.4914.74 

15.00 

15.  26 15.  50  15.  76  16.  01  16.  26  16.  51  16.  76  17.  02 

6.  70;  14.  55  14.  80 

15.06 

15.  3215.  56  15.  82  16.  07jl6.  32t16.  57:16.  82  17.  08     | 

6.  75 14.  61 

14.86 

15.12 

15.38 

15.62 

15.88 

16.1316.38  16.63,16.88  17.14     | 

6.  80 14.  67 

14.92 

.15. 18 

15.44 

15.68 

15.  94 

16. 19ll6.44l.16.  69  16.  94  17.  20 

6.  85il4.  73 

14.98 

15.24 

15.50 

15.74 

16.00 

16.  25  16.  50  16.  75  17.  00jl7.  26 

6.  90J14.  79 

15.04 

15.30 

15.56 

15.80 

16.06 

16.31  16.  56 

16.81 

17.  06  17. 32 

6.  95|14.  85 

15.10 

15.36 

15.62 

15.  86 

16.12 

16.3716.62 

16.87 

17. 12  17.  38 

PROPORTIONAL  PARTS 


Fraction 

Fraction 

Fraction 

Lactom- 

to be 

Lactom- 

to be 

Lactom- 

to be 

eter 

added  to 

eter 

added  to 

eter 

added  to 

fraction 

total 

fraction 

total 

fraction 

total 

solids 

solids 

solids 

0.1 

0.03 

0.4 

0.10 

0.7 

0.18 

.2 

.05 

.5 

.13 

.8 

.20 

.3 

.08 

.6 

.15 

.9 

.23 

DIRECTIONS  FOR  USING  THE  TABLE 

If  the  specific  gravity  as  expressed  in  Quevenne  de- 
grees is  a  whole  number,  the  percentage  of  total  solids 
is  found  in  table  2  at  the  intersection  of  the  vertical 
column  headed  by  this  number  with  the  horizontal 
column  corresponding  to  the  percentage  of  fat. 

If  the  specific  gravity  as  expressed  in  Quevenne  de- 
grees is  a  whole  number  and  a  decimal,  the  percentage 
of  total  solids  corresponding  to  the  whole  number  is 
first  found,  and  to  this  is  added  the  fraction  found  op- 
posite the  tenth  under  Proportional  Parts.  Two  ex- 
amples follow:  (1)  Fat,  3.8  percent;  specific  gravity, 
32.  Under  column  headed  32  is  12.57  percent,  corre- 
sponding to  3.8  percent  fat.  (2)  Fat,  3.8  percent; 
specific  gravity,  32.5.  The  percentage  of  total  solids 
corresponding  to  this  percentage  of  fat  and  a  specific 
gravity  of  32  is  12.57.  Under  Proportional  Parts  the 
fraction  0.13  appears  opposite  0.5.  This  added  to  12.57 
makes  12.70,  which  is  the  desired  percentage. 

An  inspection  of  the  table  shows  that  the  percentage 
of  total  solids  increases  practically  at  the  rate  of  0.25 
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percent  for  each  lactometer  degree  and  1.2  percent 
for  each  percent  of  fat.  This  gives  rise  to  Babcock's 
simple  formula : 

Total  solids=%  £+1.2  F. 

L— lactometer  reading  in  Quevenne  degrees  and 
F=pereentage  of  fat. 

To  illustrate  the  use  of  the  formula  the  following 
example  is  given :  Fat,  4  percent ;  specific  gravity,  32. 
In  this  case  one  quarter  of  32  is  8 ;  1.2  multiplied  by  4 
is  4.8 ;  8  plus  4.8  equals  12.8,  which  represents  the  per- 
centage of  total  solids. 

This  simple  formula  can  be  used  in  cases  not  provided 
for  in  the  table. 

DETERMINATION  OF  ACIDITY  OF  MILK  AND 
CREAM 

Freshly  drawn  normal  milk  from  individual  cows 
has  a  titration  value,  with  phenolphthalein  as  an  indi- 
cator, according  to  Rice  and  Markley  (10),  ranging 
from  0.086  to  0.229  percent  calculated  as  lactic  acid. 
This  is  caused  by  the  presence  in  milk  of  phosphates, 
citrates,  proteins,  carbon  dioxide  and,  according  to  Troy 
and  Sharp  (16),  a  minute  amount  of  lactic  acid. 

Increase  in  acidity  is  caused  by  the  conversion  of  the 
milk  sugar  (lactose)  to  lactic  acid  by  bacterial  action 
after  the  milk  is  drawn.  Milk  is  not  sour  to  the  taste 
until  it  has  a  total  acidity  of  approximately  0.3  percent. 
The  speed  at  which  the  acidity  of  the  milk  develops 
depends  upon  the  concentration  of  the  population  of 
the  acid-forming  bacteria  and  the  temperature  at  which 
the  milk  is  held. 

For  convenience,  the  total  acidity  of  milk  is  usually 
calculated  as  lactic  acid.  The  principle  upon  which 
the  determination  of  acidity  is  based  is  the  well-known 
chemical  action  of  acids  upon  alkalies.  To  illustrate, 
the  action  of  hydrochloric  (sometimes  called  muriatic) 
acid  on  a  solution  of  caustic  soda  may  be  taken.  This 
acid  has  a  sharp  and  very  sour  taste,  while  a  caustic- 
soda  solution  has  a  soapy  feeling,  and  if  sufficiently 
strong  will  attack  the  skin.  If  the  solution  of  caustic 
soda  is  added  slowly  to  the  hydrochloric  acid,  the  sour 
taste  will  gradually  disappear  until  the  exact  point  of 
neutrality  is  approached,  and  a  new  substance  is  pro- 
duced— sodium  chloride,  or  common  salt — which  has 
neither  the  acid  properties  of  the  one  nor  the  alkaline 
properties  of  the  other.  The  sense  of  taste,  however,  is 
not  sufficiently  sensitive  to  determine  when  the  exact 
point  of  neutrality  has  been  reached.     It  is  strongly 
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advised  never  to  taste  any  but  very  dilute  acid  or  alkali 
solutions  and  then  only  with  the  tip  of  the  tongue. 
Phenolphthalein  is  an  organic  compound,  having  the 
property,  when  in  solution,  of  turning  pink  with  alkalies 
and  remaining  colorless  with  acids.  Such  a  substance, 
called  an  indicator,  shows  by  its  color  whether  a  solu- 
tion is  acicl  or  alkaline. 

There  are  several  so-called  acid  tests.  The  one  most 
widely  used  is  conducted  as  follows : 

APPARATUS  REQUIRED 

One   25-cubic-centimeter    glass    burette    graduated    to 
tenths,  and  equipped  with  a  pinchcock.    Most  dairy- 
supply  houses  carry  in  stock  a  combination  reagent 
bottle  and  burette  assembly  which  some  operators 
prefer. 
One  17.6-cubic-centimeter  Babcock  milk  pipette. 
One  white  cup  of  china  or  enamelware.    Many  operators 
prefer  a  250-cubic-centimeter  beaker  or  a  jelly  glass 
of  similar  capacity. 
One  support  for  burette. 
Glass  stirring  rods. 

One-tenth-normal  solution  of  caustic  soda,  each  cubic 
centimeter  of  which  will  neutralize  0.009  gram  of 
lactic  acid. 
An  alcoholic  solution  of  phenolphthalein  made  by  dis- 
solving 1  gram  of  the  dry  powder  in  100  cubic  centi- 
meters of  90-percent  grain  alcohol. 
One  who  has  not  had  training  in  chemistry  should  not 
attempt  to  make  the  tenth-normal  solution  of  caustic- 
soda.     An  accurately  standardized  solution  of  caustic 
soda  can  be  purchased  from  any  chemical  supply  house. 

CONDUCTING  THE  TEST 

With  the  pipette,  17.6  cubic  centimeters  (18  grams)  of 
the  milk,  which  has  been  thoroughly  mixed,  is  measured 
into  the  cup  or  glass.  Skimmed  milk,  sweet  buttermilk, 
or  whey  may  be  measured  for  the  acid  test  in  this  same 
way.  When  it  is  desired  to  make  the  acid  test  on  cream, 
commercial  buttermilk,  or  other  viscous  product,  it  is 
advisable  to  weigh  out  the  charge  as  is  done  in  prepar- 
ing for  the  fat  test  on  cream. 

Some  operators  make  it  a  practice  to  dilute  the  meas- 
ured milk  or  cream  with  a  pipette  full,  more  or  less,  of 
water  with  the  object  of  making  the  end  point  more 
easily  read.  However,  according  to  Sommer  and  Menos 
(14)  dilution  of  the  milk  causes  a  decrease  in  the  acidity 
percentage,  depending  on  the  amount  of  the  dilution. 
Therefore,  even  if  the  amount  of  water  is  carefully 
measured  and  the  same  amount  added  each  time,  there 
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will  still  be  unnecessary  added  error.  A  little  practice 
in  titrating  the  undiluted  milk  will  enable  one  to  obtain 
a  good  end  point.  A  good  precaution  to  observe  is  to 
have  a  white  background  for  the  titrating  vessel  and  a 
source  of  white  light  to  illuminate  the  surface  of  the 
milk. 

After  the  milk  or  cream  has  been  measured  into  the 
titrating  vessel,  5  drops  of  phenolphthalein  solution  are 
added.  Care  should  be  taken  to  have  the  milk  or  cream 
at  approximately  70°  F.  and  to  add  exactly  the  same 
number  of  drops  of  indicator  for  each  titration.  The 
burette  is  filled  with  the  tenth-normal  caustic-soda  solu- 
tion so  that  the  lowest  part  of  the  meniscus  is  level  with 
the  zero  point  on  the  graduations.  The  solution  is  now 
run  slowly  from  the  burette  into  the  milk  or  cream, 
stirring  with  a  glass  rod  at  the  same  time.  The  titra- 
tion should  not  be  interrupted  when  once  begun  and  the 
same  speed  of  adding  the  alkali  should,  as  far  as  pos- 
sible, be  used  in  every  titration.     . 

It  will  be  noticed  that  the  alkali  at  once  produces  a 
pink  color  where  it  strikes ;  this,  however,  disappears 
on  stirring.  As  more  and  more  of  the  alkali  is  added, 
the  pink  color  is  slower  in  disappearing  until  finally  it 
persists  for  a  time.  Toward  the  end,  the  alkali  should 
be  added  drop  by  drop  and  the  very  first  appearance  of 
a  faint  pink  that  persists  for  at  least  30  to  60  seconds  is 
the  signal  that  the  neutral  point  has  been  reached. 
This  color  will  disappear  after  standing  a  short  time. 
The  number  of  cubic  centimeters  of  alkali  used  can  be 
learned  by  referring  to  the  burette.  The  burette  must 
always  be  read  at  the  lowest  point  on  the  meniscus. 
Do  not  allow  the  alkali  to  stand  in  an  open  burette  or 
beaker.  This  will  allow  evaporation  of  the  water  and 
thus  change  the  value  of  the  reagent.  Either  stopper 
the  burette  or  pour  the  alkali  solution  back  into  the 
stock  bottle,  rinse  the  burette  with  water,  and  dry  ( up- 
side down  with  pinchcock  open)  before  using  it  for 
another  series  of  tests. 

The  percentage  of  acidity  is  calculated  by  multiplying 
the  number  of  cubic  centimeters  of  alkali  solution  used 
by  0.009  and  dividing  by  the  number  of  grams  of  milk 
or  cream  taken,  the  quotient  being  multiplied  by  100. 
Thus : 


Percentage  of  acidity= 

cubic  centimeters  of  alkali  X  0.009 


X100 


grams  of  sample  tested 

If  17.6  cubic  centimeters  (18  grams)  of  the  sample 
required  3.0  cubic  centimeters  of  the  alkali  to  neutral- 
ize, the  percentage  of  acidity  would  be 
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3X0.009   x/^  ,  Amits 

■ — X100,  or  0.15  nercent. 

lo 

Therefore, 

cubic  centimeters  of  alkali  ^611X005=^^^?^ 

TESTING  FOR  PASTEURIZATION  OF  MILK  AND 
CREAM 

Pasteurization  of  raw  milk  destroys  the  disease- 
producing  (pathogenic)  bacteria  and  enhances  the 
keeping  quality  of  the  milk  and  of  the  products  made 
from  the  milk.  In  some  States  and  many  cities,  pas- 
teurization is  required  by  law. 

A  reliable  and  accurate  test  to  determine  whether 
milk  and  cream  have  been  pasteurized  adequately  and 
whether  various  manufactured  dairy  products  were 
made  from  milk  that  had  been  pasteurized  adequately 
has  resulted  from  research  on  the  chemical  nature  and 
activity  of  the  phosphatase  enzyme  in  milk  by  investi- 
gators in  the  Bureau  of  Dairy  Industry  {11,  12). 

Known  as  the  Sanders  and  Sager  phosphatase  test, 
the  test  is  a  modification  and  improvement  of  the 
older  Scharer  phosphatase  test  used  in  determining  the 
adequacy  of  pasteurization  of  fluid  milk.  First  de- 
veloped and  perfected  for  Cheddar  cheese,  the  Sanders 
and  Sager  test  has  been  improved  until  it  can  now  be 
applied  to  practically  all  dairy  products. 

The  test  is  based  on  the  fact  that  all  raw  milk  con- 
tains a  phosphatase  (phosphate-splitting)  enzyme 
which  is  destroyed  by  heating  the  milk  at  a  temperature 
a  few  degrees  higher  than  that  required  to  destroy 
the  most  resistant  of  the  pathogenic,  or  disease-pro- 
ducing, organisms  that  may  occur  in  milk.  When  milk 
is  pasteurized  adequately,  the  process  destroys  not  only 
the  pathogenic  organisms  but  also  the  enzyme.  There- 
fore, the  absence  of  the  enzyme  in  milk  or  in  products 
made  from  milk,  as  determined  by  the  Sanders  and 
Sager  test,  indicates  that  the  milk  was  pasteurized  ade- 
quately. The  presence  of  the  enzyme  indicates  inade- 
quate pasteurization. 

A  phosphatase-test  kit  for  testing  milk  and  cream, 
with  reagents  in  readily  usable  tablet  form,  is  on  the 
market. 

DETECTION    OF    PRESERVATIVES    IN   MARKET 
MILK  AND  CREAM 

The  use  of  preservatives  in  market  milk  is  very 
seldom  practiced  in  the  United  States  at  the  present 
time.  However,  if  any  are  encountered  the  chemicals 
usually  employed  to  preserve  commercial  quantities  of 
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milk  and  cream  are  formaldehyde,  borax,  and  boric- 
acid.  These  are  not  difficult  to  detect  if  care  is  used 
in  conducting  the  tests.  Until  one  is  thoroughly  famil- 
iar with  the  tests  it  is  a  good  plan  to  run  three  samples 
together,  one  being  the  suspected  sample,  one  being 
known  to  contain  the  preservative  looked  for,  and  one 
being  known  to  be  free  from  that  preservative. 

FORMALDEHYDE 

There  are  two  well-known  tests  for  detecting  form- 
aldehyde :  One  the  Hehner  test  and  the  other  the 
Leach  test. 

In  the  Hehner  test,  about  5  cubic  centimeters  of  the 
milk  is  placed  in  a  6-  by  %-inch  test  tube,  'followed 
by  about  5  cubic  centimeters  of  concentrated  sulfuric 
acid  to  which  a  trace  of  ferric  chloride  has  been  added. 
The  acid  is  allowed  to  run  down  the  side  of  the  test 
tube  so  as  not  to  mix  with  the  milk.  In  a  few  minutes 
the  presence  of  formaldehyde  will  be  indicated  by  a 
violet  coloration  at  the  junction  of  the  milk  and  the 
acid.  This  must  not  be  confused  with  the  charring 
of  the  milk  by  the  acid.  This  charring  may  be  avoided 
by  using  sulfuric  acid  diluted  with  water  to  a  specific 
gravity  of  1.80.     (See  p.  7  for  diluting  directions.) 

Inexperienced  analysts  are  often  deceived  by  the  blue 
color  which  develops  in  unpreserved  milk  on  rather  long 
standing  in  contact  with  sulfuric  acid. 

The  Leach  test,  the  more  delicate  of  the  two,  is 
conducted  as  follows :  To  10  cubic  centimeters  of  the 
milk  in  a  porcelain  evaporating  dish,  10  cubic  centi- 
meters of  concentrated  hydrochloric  acid  (specific  grav- 
ity 1.2)  containing  2  cubic  centimeters  of  a  10-percent 
ferric-chloride  solution  per  liter  is  added  and  the 
mixture  brought  slowly  to  a  boil  over  a  Bunsen  burner. 
Formaldehyde  is  indicated  by  a  violet  coloration  vary- 
ing in  intensity  with  the  amount  present.  However, 
all  formaldehyde  tests  fail  when  the  preservative  is 
present  in  large  quantities. 

BORAX  AND  BORIC  ACID 

A  test  which  is  used  by  the  Food  and  Drug  Ad- 
ministration of  the  Federal  Security  Agency  for  de- 
tecting borax  or  boric  acid,  and  by  which  the  ashing  of 
the  milk  is  avoided*  is  conducted  as  follows :  Ten  cubic 
centimeters  of  the  milk  is  mixed  with  5  cubic  centi- 
meters of  concentrated  hydrochloric  acid  in  a  porcelain 
evaporating  dish.  A  strip  of  turmeric  paper  about  3 
inches  long  is  suspended  in  the  mixture  so  that  at  least 
2  inches  of  the  dry  strip  remain  out  of  the  liquid.  The 
dry  portion  of  the  paper  will  gradually  become  moist 
by  capillary  action  and  if  borax  or  boric  acid  is  present 
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the  paper  will  take  on  a  reddish  brown  tint.  If  only 
a  trace  of  the  preservative  is  present,  several  hours  may 
be  required  for  this  color  to  develop.  A  drop  of  am- 
monia water  on  the  red  portion  will  produce  an  olive- 
green  color,  which  becomes  lighter  and  finally  disap- 
pears as  the  ammonia  evaporates. 

DETECTION    OF    NEUTRALIZERS   AND    ADDED 
WATER 

The  detection  of  neutralizes  in  milk  and  cream  and  of 
added  water  requires  the  services  of  an  experienced 
analyst  with  a  well-equipped  laboratory  and  should  not 
be  attempted  by  anyone  else. 

CHEMICALS   AND  APPARATUS   USED   IN 
ANALYSIS  OF  MILK  AND  CREAM 


Chemicals : 

Ammonia  water. 

Borax  or  boric  acid. 

Caustic  soda. 

Caustic    soda,    tenth- 
normal solution. 

Caustic  potash. 

Corrosive  sublimate. 

Ether. 

Ferric  chloride. 

Formaldehyde. 

Hydrochloric     acid, 
concentrated, 

Potassium    b  i  c  h  r  o- 
mate. 

Phenolphthalein. 

Sulfuric     acid,     com- 
mercial. 

Sulfuric     acid,     pure 
concentrated. 

Litmus  paper,  blue. 

Litmus  paper,  red. 

Turmeric  paper. 
Apparatus : 

Balance,     analytical, 
with  weights. 

Balance,  cream-test. 

Balance,  Westphal. 

Babcock  tester. 

Beakers,  250  cc.  and 
500  cc. 

Burner,  Bunsen. 


Apparatus — Continued 

Burette,  25  cc,  gradu- 
ated to  tenths,  with 
pinchcock. 

Cylinder,  for  acid  hy- 
drometer. 

Cylinder,  for  lactome- 
ter. 

Condenser  for  oven. 

Desiccator. 

Dishes,  milk. 

Dishes,  evaporating, 
either  porcelain  or 
platinum. 

Drying  oven,  double- 
walled. 

Forceps. 

Hydrometer,  acid. 

Jars,  sample. 

Jars,  stoneware. 

Lactometer. 

Measure,  acid,  17.5  cc. 

Pipette,  17.6  cc. 

Stirring  rods,  glass. 

Support  for  burette. 

Test  bottles,  Babcock, 
for  milk. 

Test  bottles,  Babcock, 
for  cream. 

Test  bottles,  Babcock, 
for  skim  milk. 

Tongs,  crucible. 

Test  tubes,  6  by  % 
inch. 
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MISCELLANEOUS  TABLES 

Common  weights  and  measures  and  their  equivalents 
in  the  metric  system  are  shown  in  table  3,  and  a.  com- 
parison of  Fahrenheit  and  centigrade  degrees  in  table  4. 

Table  3. — Comparison  of  metric  and  customary  (U.  S.) 
weights  and  measures 


Customary 
weight  or 
measure 

Equivalent  in 
metric  system 

Metric 
weight  or 
measure 

Equivalent  in 
customary  system 

1  inch 

2.54  centimeters. 

1  meter 

39.37  inches. 

1  foot 

0.3048  meter. 

1  meter 

1.0936  vards. 

1  square  inch,  _ 

6.452  square  centi- 

1 square  cen- 

0.155 square  inch. 

meters. 

timeter. 

1  square  foot . . 

9.29   square   deci- 

1 square  me- 

10.764 square  feet. 

meters. 

ter. 

1  cubic  inch._. 

16.387  cubic  centi- 

1 cubic  centi- 

0.061 cubic  inch. 

meters. 

meter. 

1  cubic  foot.__ 

0.0283  cubic  meter_ 

1  cubic  centi- 
meter. 

0.0338  fluid  ounce. 

1  fluid  ounce  __ 

29.57  cubic  centi- 

1  cubic  deci- 

61.023 cubic  inch- 

meters. 

meter. 

es. 

1  quart        . . ,. . 

0.9464  liter. 

lliter 

1.0567  quarts. 

1  gallon 

3.7854  liters. 

1  dekaliter 

2.6417  gallons. 

1  grain 

64.8  milligrams. 

1  gram 

15.43  grains. 

1  ounce  (avoir- 

28.35 grams. 

1  gram 

0.035274  ounce. 

dupois). 

1  pound  (avoir- 

0.4536 kilogram. 

1  kilogram 

2.2046    pounds 

dupois). 

(avoirdupois) . 

Table  4. —  Comparison  of  Fahrenheit  and  centigrade 
thermometer  scales 


Fah- 

Centi- 

Fah- 

Centi- 

Fah- 

Centi- 

ren- 
heit 

grade 

ren- 
heit 

grade 

ren- 
heit 

grade 

0 

o 

0 

o 

o 

0 

212 

100.00 

195 

90.55 

178 

81.11 

211 

99.44 

194 

90.00 

177 

80.55 

210 

98.89 

193 

89.44 

176 

80.00 

209 

98.33 

192 

88.89 

175 

79.44 

208 

97.78 

191 

88.33 

174 

78.89 

207 

97.22 

190 

87.78 

173 

78.33 

206 

96.67 

189 

87.22 

172 

77.78 

205 

96.11 

188 

86.67 

171 

77.22 

204 

95.55 

187 

86.11 

170 

76.67 

203 

95.00 

186 

85.55 

169 

76.11 

202 

94.44 

185 

85.  00 

168 

75.  55 

201 

93.89 

184 

84.44 

167 

75.  00 

200 

93.  33 

183 

83.89 

166 

74.44 

199 

92.78 

182 

83.33 

165 

73.89 

198 

92.22 

181 

82.78 

164 

73.33 

197 

91.67 

180 

82.22 

163 

72.78 

196 

91.11 

179 

81.67 

162 

72.22 

43 


Table  4. — Comparison  of  Fahrenheit  and  centigrade 
thermometer  scales — Continued 


Fah- 

i 
Centi- 

Fah- 

Centi- 

Fah- 

Centi- 

ren- 
heit 

grade 

ren- 
heit 

grade 

ren- 
heit 

grade 

o 

o 

o 

o 

o 

o 

161 

71.67 

106 

41.11 

51 

10.56 

160 

71.11 

105 

40.56 

50 

10.00 

159 

70.55 

104 

40.00 

49 

9.44 

158 

70.00 

103 

39.  44 

48 

8.89 

157 

69.  44 

102 

38.89 

47 

8.33 

156 

6S.  89 

101 

38.33 

46 

7.78 

155 

68.  33 

100 

37.78 

45 

7.22 

154 

67.78 

99 

37.22 

44 

6.67 

153 

67.22 

98 

36.67 

43 

6.11 

152 

66.67 

97 

36.11 

42 

5.  55 

151 

66.11 

96 

35.  56 

41 

5.00 

150 

65.  55 

95 

35.00 

40 

4.44 

149 

65.00 

94 

34.44 

39 

3.89 

148 

64.  44 

93 

33.  89 

38 

3.  33 

147 

63.  89 

92 

33.  33 

37 

2.78 

146 

63.  33 

91 

32.  78 

36 

2.22 

145 

62.78 

90 

32.22 

35 

1.67 

144 

62.22 

89 

31.  67 

34 

1.11 

143 

61.67 

88 

31.11 

33 

.56 

142 

61.11 

87 

30.  56 

32 

0.00 

141 

60.  55 

85 

30.  00 

31 

-.56 

140 

60.00 

85 

29.44 

30 

-1.11 

139 

59.44 

84 

28.89 

29 

-1.67 

138 

58.89 

83 

28.33 

28 

—  2  22 

137 

58.  33 

82 

27.  78 

27 

-2.  78 

135 

57.78 

81 

27.22 

26 

-3.  33 

135 

57.22 

80 

26.67 

25 

-3.  89 

134 

56.67 

79 

26.11 

24 

-4.44 

133 

56.11 

78 

25.  56 

23 

-5.00 

132 

55.  55 

77 

25.00 

22 

—  5.  56 

131 

55.  00 

76 

24.44 

21 

-6. 11 

130 

54.44 

75 

23.89 

20 

-6.  67 

129 

53.  89 

74 

23.  33 

19 

-7.22 

128 

53.33    ' 

73 

22.78 

18 

-7.78 

127 

52.78 

72 

22.22 

17 

-8.33 

126 

52.22 

71 

21.  67 

16 

-8.89 

125 

51.67 

70 

21.11 

15 

-9.44 

124 

51.  11 

69 

20.56 

14 

-10.00 

123 

50.56 

68 

20.00 

13 

-i;>.  56 

122 

50.00 

67 

19.44 

12 

-11.11 

121 

49, 44 

66 

18.89 

11 

-11.67 

120 

48.89 

65 

18.33 

10 

-12.22 

119 

48.  33 

64 

17.78 

9 

-12.78 

118 

47.  78 

63 

17.22 

8 

-13.33 

117 

47.  22 

62 

16.67 

7 

-13.89 

116 

46.67 

61 

16.11 

6 

-14.44 

115 

46.11 

60 

1 5.  56 

5 

-15.00 

114 

45.  56 

59 

15.00 

4 

-15.56 

113 

45.00 

58 

14.44 

3 

-16.11 

112 

44.44 

57 

13.89 

2 

-16.67 

111 

43.  89 

56 

13.  33 

1 

-17.22 

110 

43.  33 

55 

12.78 

0 

-17.78 

109 

42.78 

54 

12.22 

-1 

-18.33 

108 

42.22 

53 

1 1 .  67 

-2 

-18.89 

107 

41.67 

52 

11.11 

-3 

-19.44 
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